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PREFACE

This is the second of a two-v lume set of reports describing a modular underwater
acoustics ray-tracing and transmission-loss prediction system called GRASS (Germinating
Ray-Acoustics Simulation System). This system is called "germinating" because, although
it is presently operational, it could grow into a more powerful system.

The first volume (cited on the inside front cover) is intended for the reader who is
interested in gaining an overview of the system. It includes the theory behind each of the
seven system modules, some of the guiding philosophy and techniques used in their imple-
mentation, qualitative comparisons with other ray-tracing and normal-mode approaches,
the results of some sample test cases, and some recommendations for improvement.

This, the second, volume is intended for those who wish to use the system, or to
compare it quantitatively with other ray acoustic systems. It describes in detail how to
use the programs, and it contains a sample test case. The input data for this test case
were obtained from experimental measurement. In addition, experimental transmission
loss measurements were obtained and are given so that direct comparison can be made
between computed and measured values.
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GRASS: A DIGITAL-COMPUTER RAY-TRACING
AND TRANSMISSION-LOSS-PREDICTION SYSTEM,

VOLUME 2 -- USER'S MANUAL

1. INTRODUCTION

GRASS (Germinating Ray-Acoustics Simulation System) is a set of digital-computer
programs for underwater acoustics ray-tracing and transmission-loss prediction. The logical
relationship between these programs is shown in Fig. 1. GRASS is documented in two
volumes, or reports. This, the second, volume is a user's manual. It describes in detail
the input and output of each program. A sample test case is included. The input data
for this test case is based upon actual experimental measurements. This particular test
case was chosen because it is small and because, in addition to the environmental input,
transmission-loss measurements are available. Hence a comparison between calculated and
experimental transmission-loss values is possible. This test case does not however demonstrate
the full power of GRASS. For example it does nob illustrate how the system can extrapolate
and interpolate between shallow and deep sound-speed profiles. Representative output
from each of the programs for this test case is included. Appendix A of this report contains
a set of conversion factors which are useful in preparing input data.

2. CONVERSION OF SALINITY, TEMPERATURE, AND
DEPTH (STD) DATA TO SOUND-SPEED PROFILES

2.1 Program Summary

Title of program: DTSTOV

Computer: CDC 3800. Installation: NRL

Operating system: Drum Scope 2.1

Programming language: Fortran 63

High-speed store revaired: 7679 (decimal) words, exclusive of
system routines.

Number of bits in a word: 48

Is program overlaid? No

Number of magnetic tapes required: none

Other peripherals used: disk for storage of DTSTOV, card reader,
printer, and card punch

Number of cards in program deck: 338

Card punching code: BCD

Manuscript submitted August 7, 1973.
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Fig. -GRASS (Germinating Ray-Acoustics Simulation System)

r:i

__- - �,N
2

wr - _



NRL REPORT 7642

Nature of Physical Problem

Converting STD data to sound-speed profiles.

Method of Solution
Leroy's equation (See Section 2.1.1 of Volume 1.)

Restrictions on Complexity of Problem

The salinity is limited to 20 to 42/on, the temperature is limited to -2 to
340C, and the depth is limited to 0 to 10,000 m. The maximum number of
profiles has no limit. The maximum number of points per sound-speed profile
is 1000. The first depth of each profile must be 0 meters. All input profile
points must be arranged in increasing order of depth.

Typical Running Time

It took approximately 25 seconds to load the DTSTOV object deck from the
disk and execute the sample problem of Section 2.3.

2.2 Input

2.2.1 Control Cards and Job-Request Forms

The control cards used by the Drum Scope operating system are shown in Fig. 2.
A typical job-request form is shown in Fig. 3.

Line 2 of Fig. 2 is the job card. It provides the system user identification and
estimated-running-time information.

Line 3 is the EQUIP card telling the system logical unit 20 will be used to refer
to the disk.

Line 4 tells the system to load the DISKLOAD program [1] into core and
start executing it.

Lines 5 and 6 contain the data used by the DISKLOAD program. They tell
DISKLOAD where to find the program DTSTOV on the disk and command it to write
DTSTOV onto logical unit 25 (a section of the drum). These cards are described in detail
in Ref. 1.

Lines 7 and 8 are two end-of-file cards required by DISKLOAD.

Line 9 is a system command to load logical unit 25 (DTSTOV) into core.

Line 10 tells the system to run DTSTOV for a maximum of 2 minutes and
3500 printer lines.

The data cards for DTSTOV follow the run card.
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JOB REOt

C, 1-'rn :r
r A -

JEST 
FORM~ 

~,

FOR WCC UE ONLY

(NAME)

PRIORITY

IEXT)
g E NO

(CHARGE NUMBER)

(It. NTtFtCA ON)

MAX!MuM TIME THIi JOB _ ,,

T51AL 0 O' PRINT LINES - -
ON RUR CARDS ON G II ES

PUNCHED CARD UTPUT L2<J

PAPER TAPE OUTPUT. APPROX. lengfh ft.

PLOTTER 3UTPUT: CHART PAPER _

NUMBER OF PLOTS - AP'ROX LNGTH _ -

P,,PER TAPL INPu r
AB~ ~ .

MAGNETIC TAF-ES
LOGICAL rE

UNIT_ INPUT OUTPUT SAVE SEPIAI NO

_ 2 _

SEE REVERSE SIDE FOR ADDITIONAL INSTRUCTIONS
NDWNRL-10462/b006 15-66)

Fig. 3 - Sample jot quest form for the DTSTOV program
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2.2.2 Data Cards

The input consists of salinity, temperature, and depth (STD) profiles and their
respective titles, ranges, latitudes, and longitudes. All input data are read off cards. All
data, with the exception of the title cards, are read with a general-purpose input routine [2].
Hence the particular card columns in which the numbers are placed are of no importance.

The data for DTSTOV must be arranged in the following order:

TITLE
NPUNCH
NAREA
RANGE LATD LATM LONGD LONGM
PROFTITLE repeated for each
D(1) T(1) S(1) STD profile
D(2) T(2) S(2) 5
D(LAST) T(LAST) S(LAST) -1
-7

The meaning of the above parameters is as follows:

TITLE an 80-column title card identifying the data with up to 80
arbitrary characters.

NPUNCH a parameter which is set to 1 to punch sound-speed cards for VFC;
it is set to 0 if no sound-speed cards are desired.

NAREA a parameter which is set to 0 if no pressure calculations desired; it is
set to 1 for areas other than the Black or Baltic seas,* set to 2 for the
Black Sea, and set to 3 for the Baltic Sea.

RANGE the range of the STD profile in nautical miles.

LATD the degrees part of the profile latitude.

LATM the minutes part of the profile latitude.

LONGD the degrees part of the profile longitude.

LONGM the minutes part of the profile longitude.

PROFTITLE an 80-column title card identifying the profile.

D(i) depth of the ith point in meters.

T(i) temperature of the ith point in degrees centigrade.

S(i) salinity of the ith point in parts per thousand.

-1 an indicator sigraling the end of the STD profile.

-7 an indicator signaling the end of the data set.

*Owing to the low density of these two bodies of water, the pressure is characterized by special

algorithms 31.
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2.3 Sample Input and Output r

Figure 4 shows the data cards for three STD profiles lying along a great-circle track.

These profiles resulted from actual experimental measurements. We specified pressure
calculations for an area other than the Baltic or Black Sea. The latitudes and longitudes
were chosen raridomly.* Figure 5 shows the printed output, which should be self-explanatory.
DMIN and DMAX are the maximum and minimum depths for the profile, TMIN and TMAX

refer to the maximum and minimum temperatures, and SMIN and SMAX refer to salinities.
In addition to the printout a deck of cards is punched by DTSTOV for input into the VFC
program.

SAMPLE TEST CASE
1 1 0 30 0 30 0
FIRST PROFILE

0 23.80 35.29 31 23.80 35*29 40 23.80 35.29 50 23*60 35.29

55 23.80 35*29 61 23.80 3De29 70 23.80 35.29 75 23.80 35.29

80 23.50 35.29 85 23-00 35.29 91 22.30 35.29 122 19*40 35*25

182 16.60 34.92 243 14.50 34.63 365 11.10 34.33 400 10*23 34.20

600 6.38 34.08 800 4.59 34.20 1000 3.80 34.35 1500 2.73 34657

2000 1.99 34.60 2500 1.73 34.64 3000 1.76 34.67 3500 1.60 34.69
4000 1.57 34.68 5000 1.54 34.71 8000 1.50 34.70

b.J.051836 30. 0* 30 0
S.COND PROFILE

0 23-40 35.17 31 23.40 35.17 40 23.40 35.17 50 23.40 35.17

55 23.40 35.17 61 23.40 35.17 70 23.40 35&17 75 23.40 35.17

80 23*40 35*17 85 23.10 35.16 91 22-60 35.15 122 19.60 35.01

182 16.10 34.69 243 13.80 34.48 365 10.30 34.22 400 9.36 34*10

600 5.94 34.04 800 4-48 34.22 1000 3.77 34.40 1500 2.74 34.56
2000 2-00 54.60 2500 1.86 34.65 3000 1-76 34.67 3500 1-63 34.69
4000 1.60 34.6d 5000 1.53 34.73 8000 1.b0 34.70

-1

178.15388 30 0 30 0
THIRO PROFILE

0 22.30 34.85 31 22.30 34.b5 40 22.30 34.85 50 22.30 34.85
55 22.30 34.85 61 22-30 34.85 70 22.30 34.85 75 21.80 34.82

80 21.10 34.80 85 20.50 34.77 91 19.90 34.75 122 17.40 34.68

182 14-60 34.54 243 13.00 34.41 365 10.80 34.23 400 10.09 34.15
600 6.07 34.01 800 4-36 34.16 1000 3.67 34.32 1500 2.68 34.54

2000 2-00 34.59 2500 1.79 34.65 3000 1.75 34.67 3500 1.60 34.69
4000 1.57 34.69 >000 1.55 34.71 8000 1.50 34.70

-1 -7

Fig. 4 - Sample-test-case input data cards for the DTSTOV program

3. INTERPOLATION AND EXTRAPOLATION OF THE
SOUND-SPEED FIELD

3.1 Program Summary

Title of program: VFC

Computer: CDC 3800. Installation: NRL

Operating system: Drum Scope 2.1

Programming language: Fortran 63

-rhey do not correspond to the actual measurement locations.
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High-speed store required: 20,832 (decimal) words, exclusive of system routines

Number of bits per word: 48

Is program overlaid? No

Number of magnetic tapes required: one

Other peripherals used: disk (for program storage), card rader, printer, and drum
for intermediate scratch storage

Number of cards in program deck: 1237

Card punching code: BCD

Nature of physical problem

Interpolation and extrapolation of the sound-speed field.

Method of Solution

Cubic-spline interpolation in depth; linear interpolation in range. (See Section
2.1.2 of Volume 1.)

Restrictions on Complexity of Problem

There is no limit to the number of sound-speed profiles. A sound-speed profile
has a maximum of 1000 points (which could be increased by changing a DIMENSION
statement). The bottom has a maximum of 1000 points (which could also be
changed).

Typical Running Time

It took approximately 34 seconds to load the VFC object deck from the disk
and execute the sample problem of Section 3.3. Execution alone took '2 seconds.

3.2 Input

3.2.1 Control Cards and Job-Request Forms

The job-request form for the 'v 1" program should be filled out as shown in Fig. 3,
with the exception that the punched-card-output box should not be marked. In addition
"Computer 1" should be written under the title "job-request form." (Computer 1 is the
only one of the two CDC 3800 computers at NRL that can access the disk file.) Also
under the words "magnetic tapes," logical unit 1 should be specified as an output tape
to saved, and the user's tape number should be included, such as 2594. This tape will be
referred to as the "coefficient tape." The time limit and number of lines of output required
will depend on the particular problem. For most small problems 2 minutes and 3500 lines
are sufficient.

The control cards for the VFC program are shown in Fig. 6. Line 4 of that figure
is the EQUIP card for logical unit 1, the coefficient tape. This output tape contains the
Taylor series coefficients (derivatives) for the sound-speed profiles and the bottom profile.
The other lines in Fig. 6 are explained in Section 2.2.1.
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3.2.2 Data Cards

The following numbers are read by the general-purpose input routin". The columns
in which the numbers are placed are not important, but the numbers need be entered in
the following order:

TITLE
NMONTH
NDAY
NYEAR
DPTHMX
VMIN
VMAX
ZMINFL
ZMAXFL
DMINFL
DMAXFL
NPRINT1
NPRINT2
NPLOT
NECUR
BRCON
BDCON
BTRANG(1)>
BTDPTH(1)
BTRANG(2) bottom profile

BTRANG(last)
BTDPTH(last)|
-1
TEMPDP
DPINC
RCON
DPCON
VELCON
RANGE
LATD
LATM
LONGD
LONGM
TMDO
SAL repeat this sect
PRFTIT sound-speed prc
DPTH(1)
VEL(1)
DPTH(2)
VEL(2)

DPTH(last)
VLL(last)
-1
--7

ion for each
ofile

N - - W-RUMP4, MW.IUUZA� i
�P�� __ �7 -
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The above variables are defined as follows:

TITLE a data title. This title uses an entire 80-column card. The rest of the
numbers must appear after the first card.

NMONTH an arbitrary month number for identifying the data (1 < NMONTH < 12).

NDAY an arbitrary day for identifying the data (1 < NDAY < 31).

NYEAR an arbitrary year number for identifying the data (60 < NYEAR 6 80).

DPTHMX the maximum depth allowed in the data, including bottom depths and
profile depths. DPTHMX must be inputted in meters.

VMIN the minimum allowed value of sound-speed in the input profiles. This
value must be inputted in meters per second. It is used for checking
the correctness of profiles. If it is exceeded, the program will print an
error message and stop. A typical value is 1400.

VMAX the maximum allowed value of sound speed, similar to VMAX. A
typical value is 1600.

ZMINFL a flag for signaling large negative vertical gradients. If a gradient is less
than this value, a warning message will be printed. Normally it is set

to -0.1.

ZMAXFL a flag for signaling large positive vertical gradients. A warning message
will be printed if it is exceeded. Normally it is set to +0.1.

DMINFL a flag for signaling large negative curvatures. If a curvature is less than
this value, a warning message will be printed. Normally it is set to -0.01.

DMAXFL a flag similar to DMINFL. Normally it is set to +0.01.

NPRINT1 an output option controller. If it is set to 1, the input profile points
will be printed and printer plotted. If it is set to 0, they will not.
Typically it is set to 0 to save printer lines and time.

NPRINT2 an output option controller. If it is set to 1, the final sound speeds,
gradients, and curvatures will be printed for each corrected profile. If
it is set to 0, they will not. Typically it is set to 0.

NPLOT an output option controller. If it is set to 1, the final sound-speed
profiles will be printer plotted. The corresponding depths and sound
speeds are printed next to each plotted point. If it is set to 0, no plots
will be generated. Typically it is set to 1.

NECUR a number which should be set to 1 if the user wishes to correct the input
profiles and bottom depths for earth curvature. If not, it should be set
to 0.

BRCON a factor for converting input bottom ranges to nautical miles (1 n.mi. =

1852 meters). If bottom ranges are inputted in nautical miles, then
BRCON is set to 1. (A conversion factor table is given by Appendix A.)

BDCON a factor for converting input bottom depths to meters. For example, if
bottom depths are inputted in feet, then BRCON is set to 0.3048
(Appendix A).
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BTRANG(1)
BTDPTH(1)
BTRANG(2)

BTRANG(last)
BTDPTH(last)

-1

TEMPDP

DPINC

RCON

DPCON

VELCON

RANGE

LATD

LATM

LONGD

LONGM

TMDO

SAL

PRFTIT

DPTH(1)

the range of the first bottom point must be 0).
the depth of the first bottom point.*
the range of the second bottom point.

the range of the last bottom point.t
the depth of the last bottom point.*

an indicator to signal the end of the bottom range-and-depth
pairs.

the depth (in meters) at which the temperature of the ocean remains
constant for increasing depths. TEMPDP is used to distinguish
between deep and shallow profiles. Those profiles whose maximum
depth of observation is less than TEMPDP are considered shallow.

the depth increment (in meters) for extrapolation of deep profiles.
AU deep profiles will be extrapolated to depth DPTHMX using
Leroy's equation. Additional points will be added at intervals of
size DPINC from the maximum depth of the original profile to
depth DPTHMX. If DPINC is 0, the deep profiles will not be
extrapolated.

a multiplicative conversion factor for converting input profile ranges
to nautical miles (1 n.mi. = 1852 meters). For example, if the
input ranges are in meters, then RCON = 0.00053996 (Appendix A).

a multiplicative conversion factor (Appendix A) for converting
input profile depths to meters.

a multiplicative conversion factor (Appendix A) for converting
input profile velocities to meters per second.

the range of the profile. The range of the first profile must be 0.
The range of the last profile must be identical to the range of the
last bottom point. The user must enter at least two profiles, but
these may be identical.

the degrees part of the profile latitude.

the minutes part of the profile latitude.

the degrees part of the profile longitude.

the minutes part of the profile longitude.

the temperature at the maximum depth of observation of the profile
in degrees centigrade.

the salinity at the maximum depth of observation of the profile in
parts per thousand.

an 80-column title card identifying the profile.

the depth of the first profile point. It must be 0.

*All bottom depths must be less than or equal to DPTIIMX. As many as 1000 bottom range-and-depth
pairs are allowed.

tThe range of the last bottom point must be identical to the range of the last prolile.
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VEL(1) the velocity of the first profile point.

DPTH(last) the depth of the last profile point.
VEL(last) the velocity of the last profile point.
-1 an indicator that signals the end of the profile.
-7 an indicator that signals the end of all the profile data.

Each profile may have up to 1000 points. Profile depths are arbitrary and may
vary from profile to profile. Profile depths must lie between 0 and DPTHMX. Profile
sound speeds (velocities) must lie between VMIN and VMAX.

3.3 Sample Input and Output

Figure 7 shows the data cards for the three-profile test case of Section 2.3.

The input sound-speed-profile deck was generated by DTSTOV. The bottom-profile
data were obtained by experimental measurement from range 0 to approximately 241 km.The bottom was assumed to be flat from 241 to approximately 330 km, for lack ofavailable measurements.

Figures 8a through 8f show the resulting VFC printer output. Although the calculatedgradients and curvatures were not printed in this example, the maximum and minimumvalues are displayed. To be specific, Fig. a shows TSTART (the number of seconds
available for computation before the VFC program will have exceeded its time limit), thetitle card for the test case, and the values of certain input parameters. Next the bottomprofile is printed out as shown in Fig. 8b. Figure 8c shows a partial printer plot of thebottom profile and also shows the values of some additional input parameters. Figure 8dshows the printed information for the first profile. The warning messages were triggeredby the input parameters ZMINFL, ZMAXFL, DMINFL, and DMAXFL. Figures 8e and 8fshow similar output for the second and third profiles respectively. TEND at the bottomof Fig. 8f is the number of seconds available for computation at the completion of theVFC run. TDELTA (= TSTART - TEND) is the amount of time in seconds required toexecute the VFC program once it had been loaded from the disk.

4. PROFILE PLOTTING

4.1 Program Sununary

Title of program: PRFPLT

Computer: CDC 3800. Installation: NRL
Operating system: Drum Scope 2.1
Programming language: Fortran 63

High-speed store required: 11,662 (decimal) words, exclusive of system routines
Number of bits per word: 48
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SAMPLE TT CASE
5 25 73 800v 1400 hO0 -.1 1 -. ul .01 0 0 1 1 * 399 1

u.000 5340.10 J.706 5310.84 7.41, 744d.0O 11
18.532 5579.67 22.238 5574.07 2>.945 5bdo.Z7 29
33.358 5702.0 37.064 5dOO.95 40.770 566.62 4Z
46.330 5563.33 48.183 5546.75 50.036 5625.39 51
55.596 5590.64 59-302 5592.47 63.009 553.7d 68
74.12b 5640.02 77-Yol 56.7.22 79.bod Do32.70 o3
9U.807 54bb.40 94.7513 531d.lD 90.366 5287.06 9d

103.779 5660.14 105-632 5777.1b 107-486 5731.46 109
113.045 56dZ.Ob 114.t9b 5696.71 110. o5 7702.20 120
124.164 5672.94 12b.Old 43d. dD 127.bt1 ss94.30 129,
133.430 5696.71 13t.2d4 56D6.4:, 13d-990 5171.69 140
146.403 6267.30 148.276 63Z9.40 1s0.109 70dl.42 153
161.22b 524b.66 163-082 5438.85 164.935 5429.71 166
176.054 5746.09 179.760 57d6.32 183.467 5799.12 17,
194.586 5394.96 19d.292 590d.85 200.146 6148.43 201
209.412 5539.44 211.265 5978.35 214.971 605t.81 216
220.531 60Ž4.07 Z22.384 5o!5.Ob 22o.0Y0 506.44 29,

237.210 60e.93 240.916 43d.o 3.V39jO 430.b5 -1
2000 200 1 1 1

O*OOO 30 0.00 30
FIRST PROFILE

0.00QU 1532.1033
50.%000 1532.924S
70.0uo 1533.2536
d5.j00U 1531-5010

l12.000O 1514-9346
400.uOGO 1496.6314
10000.uOo 1481.8027
2500*00.,o 1498.7060
4000 .*v0W 1524*2530

-1
60.u516 30 0.00 30

SECOND PROFILE
0.oO0u 1S3uvY719
50.0O00 1531.793D
70.0000 1532.1222
856*0 .U 1531.6040

182.s00u 1513.1129
400.uOU0 1493-3526

l0o.OuOuU 14d1.7439
2500.;Oou 1499.2871
4000.U0o 1524.3026

-1
178.1539

THIRD PROFILE
0. v

50.UOVU
70.uvU
b4U00U
162.0000
400.UOO
10000.000
2500&00vv
4000.00vu

-1
-7

.119.t1
* 6Ž4
.890
.5o
.394
.220
.339
.450
.724
.843
.bl1
.786
.173
.999
.b24
.797

5554.07
5665.62
5632. 70
5407. 76
5568 70
5623.58
5332.78
5596.13
5671.11
76bZ *Od
5600.95
5543.09
5619.90
5764.38
6102.71
6091.73
5665. 74

1.5000 34.7000

31 .0000
5 5.0000
7:~ .0000771.0000
YV *UOOO

Z43-0000
000 .e000

1 50*U00
300U.00o0
500U .0000

0.0U

1532.6126
1533.0070
1533.335d
1>29.812b
1509.0515
14b75.2996
145.9137
1507.5180
1542.0536

40.0000
61.uOZO
bO.0000

122.0000
365.0000
800.0000

2000.0000
3500.0000
6000-0000

15000 34.7000

31 *.000
75.0000
75 .0000
91 .0000

243.0000
60u.00

1 50'U.0000
300.OOO
500t. .(J0t0

30 0-00 30 O.Ou

1527.8083
1526.6298
1528.9585
1524.3433
150d.2561
1496.0652
1481.2161
1498.9818
1524.2666

31.0000
55*0000
75.vOOO
91 0000
Z43.U000
600-0000

1500.0000
300000
5000.0000

153 1.4bl2
1531.875t
1532-2044
15 30.4214
1506.6044
1483.5014
1485.9631
1507.5180
1542.03b2

40.0000
61.000C
o0.0000

122.0000
365.0000
8000000

2000.0000
3500.0000
o000 * 0000

1.5000 34.7000

152n.3176
1528.7120
1527.7055
1722.7745
1703.8802
14h3.9795
1485.6782
1507.4745
1542.0963

40. 0000
61.0000
80.0000

122.0000
365.0000
dOO.0000

2000-0000
3500.0000
b000-0000

Fig. 7 - Sample-test-case input data cards
ror the VFC program

14.db
31.504
44.47 7
53. 743
72 .2 75
b7. 100

1 00 . 073
111. 192
122- 311
131.57 7
142.696
157.522
172.348
192.733
2 07- 558
2 1b.678
233- 503

547 1. 77
5725.97
5570. 52
5566.87
5576.01
5559.55
5310. 84
5698.54
5742.43
565 2.82
5702.20
5305.35
5 179.16
5468.11
5841.19
5936.28
564 3.68

1532.7605
1533.1057
1532.6736
1522.4863
1499. 3001
1481.5577
1491.2346
1515.5786
1597.0981

1531.6291
1531.9743
1532.2866

,1522.7598
1496.3301
1481.1306
1491.2782
1515.7089
1597.0981

152844655
i528.8106
1525.9127
1516.0499
1498.1186
1480.5540
149].2646
1515*5786
1597.0981
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Is program overlaid? No

Number of magnetic tapes required: one for Calcomp plots; two for Gerber plots

Other peripherals requircd: disk (for program storage), card reader, printer, and
Calcomp 565 plotter or Gerber plotter

Number of cards in program deck: 485

Card punching code: BCD

Nature of Physical Problem

Generating Calcomp or Gerber plots of the sound-speed, sound-speed-gradient,
and sound-speed-curvature profiles.

Method of Solution

See Section 2.1.3 of Volume 1.

Restrictions on Complexity of Problem

None.

Typical Running Time

It took approximately 49 seconds to load the PRFPLT object deck from the disk
and execute the sample problem of Section 4.3. The plotting took 11 minutes on
a Calcomp 565 plotter.

4.2 Input

4.2.1 Control Cards and Job-Request Forms for
Calcomp Plots

The control cards required for obtaining Calcomp plots are shown in Fig. 9. Lines
4 and 5 of that figure are EQUIP cards for the Calcomp plotter and the coefficient tape
generated by the VFC program respectively. The other control cards have been explained
earlier.

TSTARI a 9P,49800000
SAWFLE TEST CASE
NKTIh = 
NLAY a 25
iFAR = 73
PT-MX = uoon.nooonuoo

vaIN la o SOOOOoor¶
VPAX = 6 6 OO onooO Fig. 8a - The part of the printer output of the VFC program giv-
7PiNFL = . . ooonoo ing some input parameters of the sample test case (Fig. 7)
Z'AXFL = nl.onunoco
[s , NFL = -, nlnonoo
rPAXFL t o.nloonooo
aPPINI = 1

N CLr : 1
FErEN T 0.53996U0O
ELF:CN 1.noloraou

- - - - __ I - - - -
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Is program overlaid? No

Number of magnetic tapes required: one for Calcomp plots; two for Gerber plots

Other peripherals required: disk (for program storage), card reader, printer, and
Calcomp 565 plotter or Gerber plotter

Number of cards in program deck: 48G

Card punching code: BCD

Nature of Physical Problem

Generating Calcomp or Gerber plots of the sound-speed, sound-speed-gradient,
and sound-speed-curvature profiles.

Method of Solution

See Section 2.1.3 of Volume 1.

Restrictions on Complexity of Problem

None.

Typical Running Time

It took approximately 49 seconds to load the PRFPLT object deck from the disk
and execute the sample problem of Section 4.3. The plotting took 11 minutes on
a Calcomp 565. plotter.

4.2 Input

4.2.1 Control Cards and Job-Request Forms for
Calcomp Plots

The control cards required for obtaining Calcomp plots are shown in Fig. 9. Lines
4 and 5 of that figure are EQUIP cards for the Calcomp plotter and the coefficient tape
generated by the VFC program respectively. The other control cards have been explained
earlier.

SAmFLE TEST

KYEAR 
rPTFMX =

VPAX -

2?PAXFL =

r YAX FL 

K PP N 
KFA N1 

9A.49800000
CASE

7 J
b00n. n000nu(o
1400.0000000t)
1600.0onflCOo0

n. iQonQnoo
-n . lnonono

0. fl100000
U
Q
I .

0.'5399W00
1 .n0000000

Fig. 8a - The part of the printer output of the VFC program giv-
ing some input parameters of the sample test case (Fig. 7)
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09726 00t 06000195 IE7 IF 6 FA6r 36 vA0u E
f~~lfR le e~~~~~svE~~slen *FOE ETt-:Ir hecrC 'AStSEICUsI:

lSPu' 769015 FEET r'soeo

0.00 5340.10 3342 ,0 17572.30 292 22

2.01 S3jQ,64 57i3,75 1741.02, 2905.21
4,00 5448 .00 9453,33 17"r.6r 2'027

4.00 5554,07 9554,9 19229.90 339,2

6,01 5471.1? 3414.10 17959,65 3Z99,32

5e07 059.4 558.05I 58313.6 02

12.71 554 9'7 695& ,9 5879.0 3277,02

14.06 602 649a1 5641.4. 30.3
16.05 54.82 s5rs Z 87 :3 9 .20 309-,2

17.01 5223,91 57s1,54 1794,37 3037,e

18.01 s72.2n 521.' 5 ' 218,3 3119,0-

d2 01 58907r 5 9. 30'0,'3
d3092 5834,70 5635.16 Ir4850 720.75

44.00 0 00,52 .7 502'sG"395 75'
959I3! 55574 572.9 3503

27.02 5425,39 327 1 464.09 397,55

49,8 4.787 5459,75 527......2,2

29,02 9*"78 493 59211.93 39 4172
40.02 5790,6 593,79 99 309.3

32.02 559247 5"I 492 -3'5.9'

44.a4 5s35,19 1533 5189.44 402,.05

9,04 5592 501 il7S 567
49.3 57.0 5539,5 1"301 . 30,:33

'003 X 15442 94352 552,13 3005,38

403 e 567722 529.70 1-70.1 3079,35

45.03 52.7 5219 17G17 3091,51

97.03 S67, ss ..... *7 049, 3024,56
4s9 5448.40 -9,76 : 7r 1914. 200238

51.74 5418.15 5320.52 2145.2 290 4.2

3,23 r 545,' 73. 13593.20 2651,25

50,0 5691 5481,497Q 5919,3 3059,32
51,0 5777^.19 5209.60 1995 25 316r,'C
s30 2 *7 9t X^7'*3 ' 57.04 5735.46 5234,04 512.40 3w3.,4

59.60 e 554.53 5599,59 19§ -;369.01 706

47.94 56sC994 9100,99 59 1^6202e.301 

62... 56962.o 9,1 i '949 l108s;9
44,04 552,20 914,95 59718.32 3019,761
*5,84 1617551 17,83 19614. 3102.1

64.94 522,3 19,5 10 4 311 

7 .084 Z2.9 s 5 1 .i93342

69.04 5438 .05 9441,17 56957.5526
9,0s 94.30 !5996 05 3 .00 3C .3s

27,-os 56 I,07 590,61J 5650 ,2 300', 38
c21.05e 52; ' 5 4 ; 75i 72 52 , 55I 4 S 1 20944

9277 oe 5b76 e699,76 5944a,29 7119,1

23,00 9490,49 569 129 59566.5 3094,3'

'9,35 °e 7769 5'A804","9 z '9 497 5j 379,;2

26,5' r/ 5 A09 5539 '5 7*739r73.59 32242.

#9.05 9167.39 9290 4 97 0.0 7 l2c- .,

*fi,05 6429,99 .332.43 37-194I a 3* 91

46 3 55ue 7 0.1 21^da 3 '7'2

,05 54 92 * 5r .994,4 130,841..4 97 S.

9.05 543,07 94 15,90 10539 10,51

430 0ObJ 7- il t :'.:

69.06 454 525 11413,59 2902,22

87.0r 50.06 50,9; 22;05 0 21,16

l /A v s-s Xs S^S 15 3 1.14ss 27N7

.0.06: 54889 94P5 P-6j,5 42.2

9
9

,Oobz 544,21 5432,92 17821.54 . 07lE to1,

93,06 5179,56 508126 569998.5 4835,14
950 S744,39 528,§ 5643,44 1141,4

47.16bz 5'99.33 57r b 599 10,992.05 319', '3

0.02 170945 16.9 5406 0091.2

3g,7 5449.11 1794 9974 2951,74

905.0 8b-The9 pa9rt2 oftc rntroupt0fth 7FC.o4 gvn

j0a,0 t 6148,95 l51,40 35,~~o9,22 6L'2,71 0005.63 21.4 333,5

514.09 6158.6 6< .4 1927

01.6 536., I93,9 5 4499
io90i ~~~~Q:4,5 0 729 19723,24

11.9 5695.4 '' 91 

04.6 5609,3 7166 143

579,15 9464 54,7 '1 5 01.21

140654 9S I g0Sol s7e- S- I
l6004 14619 of 69710770 - 17.15970"7

Fig. 8b - The part of the printer output of the VFC program giving
the bottom-profilk. listing
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7.1 342.14 7# 6l74p46

2.71 iii'."I a:, 44.440n464fl46
2173 140.33 q446qg4d*46444

..64316.46 9 44*44

14.1 40.44: 467 '42l44WWIf2. 'L ." N ..... qjd n

51. r L 7' t .O 17i Z~

16.61 3445 14 2 49F dnd O

17."1 ...... 4 4676454

2*5.j1 471 1 64 d a'D4 d a25.,1s 2 A475 .7 1.PJ d djdF aan

t37 445..1 646644*

I .. 14,4 6446('4444,4

29 :5s 9 'v tq 610 d 89=

.4 1 54.74 9.4*34445964446

26.14 3540 444664441*46464

"'.;e ^ 497'.7 ba "46S! a '

5t", " 5*4.ia " 4*41P444464 ad
J'.'4 13.416 04,94544 4444

j4." 5 fa.14 4 6

1.5 i 71.13 144 f44a n H 44

4. n 414.43 3f444444446Prp4

7. 144291 4 d.'3'4" 4

07 34e4. 7 44444*'4

43.14 34t16 S C B9

*'. 3141.1197 66u44444"6644

Fg 8c -Te par t ptex r oupu f the VF

-gi.g 4e* 74 c. ofwhettmpdofl

13.6 4246.^ 7 45444444446445

66s.7 1344.04 4644444

14.64 1544.99 0444f'H4P4404
*:'.'/ 3741.04 aRS6"dP4

*.1 4t4 ^4* C 4444464903 

4l.74 1441' 4644444044p444

207 6484.4 ^1 465P694b44f4

15.6 17*.3 46.049.4!S44Rd4~f

74,61h .25 sa¢

Fi. 43c7.4e pato4 h rne upto h F

4rogra giving4 a4ritr lt fth4btompofl
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sE c ;Cd's I EILC Cf s TI*c T ESA P I4054A
1551L. £50 EXTOAPP ATECL vfLCIYT A lLE ITHIUT F0595 fUSVAYURC f S.AF.CTIAN
I-fkPLT DTS Pkt
E.EITRSPALSTEC P SNT IPTAINED raJo L(R005 FguAf lA
.S At TEST CASE
i IST PR55 Ic-
CS'S, 5/25./13

PeeS ILI I

c-AT 3n ntt 0.00 "IA L.-ec A 3a DEC 0.0 I
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The job-request form should be fined out as shown in Fig. 3. In addition the user

should:

1. In the second logical-unit-number space, under magnetic tapes, indicate that logical

unit 1 is an input tape to be saved. This tape is the coefficient tape generated by the
VFC program; its serial number should be inserted.

2. Indicate type 00 chart paper (no grid lines), the number of plots (three for the
sample test case), and the approximate plot length in inches.

4.2.2 Control Cards and Job-Request Forms for
Gerber Plots

Gerber plots are made on a flat-bed plotter (Gerber Model 875 drafting machine)

and generally take a day for completion, whereas Calcomp plots may be obtained in
about the same length of time that it takes to obtain other types of computer output
with comparable central-processor running time. Short jobs are typically processed in
1 hour. The Gerber plots take a longer time because it is necessary first to obtain a

magnetic tape from the CDC 3800 and then submit this tape to a Gerber-plotter operator

at a separate facility within NRL. Gerber plots however are of much higher quality and

resolution than Calcomp plots. In addition they may be as large as 5 by 8 feet, whereas

Calcomp plots are restricted to the width of the Calcomp plotter drum (10 or 30 inches).

Scale factors may be set into the Gerber plotter console to magnify or reduce the plot size.

The control cards required for obtaining Calcomp plots are shown in Fig. 10. Line 4

is the EQUIP card for the NRL Research Computation Center magnetic tape which contains

the Calcomp-to-Gerber conversion routines. Tape serial number 3803 should always be

used for this tape unless the NRL Research Computation Center indicates otherwise.

Line 6 is an EQUIP card for the magnetic tape which contains the output Gerber plots.

A complete description of the Gerber plotting routines and their usage is given in Refs.

4 and 5.

The job-request form for obtaining Gerber plots should be filled out as shown in

Fig. 3. In addition the user should:

1. Perform step 1 of Section 4.2.1.

2. Indicate that logical unit 48 is an input tape to be saved and insert its serial

number (3803). This logical unit corresponds to the magnetic tape containing the Gerber-

plotter routines.

3. Indicate that logical unit 18 is an output tape to be saved and insert its serial
number. This tape will contain the output Gerber plots. It must be supplied by the user.

4.2.3 Data Cards

The following numbers are read in by the general-purpose input routine. The card
columns in which the numbers are placed are not important, but they need be entered

in the following order:
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DPMAXG the maximum depth to be shown on the graph in meters, such as 2000.

VMING the minimum velocity to be shown on the graph in meters per second,
such as 1470.

VMAXG the maximum sound speed to be shown on -the graph in meters per
second, such as 1610.

ZMING the minimum vertical gradient to be shown on the graph, such as ---0.5.

ZMAXG the maximum vertical gradient to be shown on the graph, such as 0.5.

DMING the minimum vertical curvature to be shown on the graph, such as -0.06.

DMAXG the maximum vertical curvature to be shown on the graph,such as +0.06.
NPLOT the number of the profile to be plotted. The first profile on the

coefficient tape is 1, the second is 2, etc.

The following three title lines must appear on separate cards

TITPRO1. the first line of an 80-character alphanumeric title,

TITPRO2 the second line of an 80-character alphanumeric title,
TITPRO3 the third line of an 80-character alphanumeric title.

The numbers VMAXG, VMING, ZMAXG, ZMING, DMING, and DMAXG may be
determined by examining the maximum and minimum values of sound speed, vertical
gradients, and curvatures as printed by the VFC program. Also DPMAXG can be less
than the maximum observed depth of a profile. If the sound speed or its derivatives
exceed the limits given for the depth interval (0, DPMAXG), a warning message will be
printed.

The titles TITPRO1, TITPRO2, and TITPRO3 will be written on the graph for
profile NPLOT. The entries NPLOT, TITPRO1, TITPRO2, and TITPRO3 are repeated
for each profile to be plotted. The entry -1 for NPLOT indicates the end of the data
set.

4.3 Sample Input and Output

Figure 11 shows the data cards for generating Calcomp plots of the three profiles
in the sample test case. Figure 12 is the resulting printer output. Figures 13a, 3b, and

20 1470 1610 -.5 .5 -. 06 .06
1
SAMPLE TEST CASE
PROFILE NO. 1
RANGE -0. NM

Fig. 11 - Sample-test-case input data cards for the PRFPLT SAMPLE TEST CASE
program for obtaining the Calcomp-plat output P OFILE NO. 2

R.U4GE 60.0 NM
3
S AMPLE TEST CASE
PROFILE NO. 3
RANGE 173.15 N:
-1
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---- PFEGRAH PRFPLT ----

SAMPLE ESI CASF
PAXHL'M GRAPH DEPTH (t) 2000,0nol
PINIMUH GRAPH VELUCITY (/S) 147n.n0Qo
PAXIMUM' GRAPH VELOCITY (/q) 161O.00o
VtlNI|MLM GRAPH GRAUIEN () = -o,5000
PAXItMU GRAPH GRLLIENT (1RS) 0.500C0
INIHUH GRAPH CUnVATURE ti/S/H) : -0.,OOO

PAXIHL,9 GRAPH CURVATURE tl/S/H)c n,o6Mo
FLFT PRaFlLE &G, I
SAMFLE TEST CASE
FROFIL NO. I

PROFILE 1
NUMBL OF P1NTS 7
RANGE (Ni') 0.0foo

VIth DATA z 1481.7436
W14AX DATA * 1533.353e
ZPI- ATA a -0-2G45
ZPAX DATA * 0.03,9
rDpi DATA a -0.0424
rPAx DATA * 0.Od4

FLFT PROFILE KS, 2
SAMPLE TEST CASE
FROFILE N, 2

PROFILE 2
NU'IRER F PrIINTS : 27
HANGc (kD') A0O0lf8

VPIN DATA a 14A1.3164
VPAX DATA * 1532.3058
ZPIK DATA * -0,2363
ZD'AX DATA * 0.0356
rrik DATa -*.048n
CFAX DATA x 0.0126

FLAT PROF LE NO, 3
SAMFLE TEST CASE
FROFILF NU. 3

PRSFILE .3
NU4OGR OF PINTS 27
HANGE (UP' a 17d.1539

'VIMIN LATA x 148U.7397
V1AX DATA a 1528.9753
ZVIN DATA * -0.3492
?1'AX DATA a 0.0491
rIN LATA a -0.0594
LEPAX DATA * 01010

*---PLfTTING CPLF

Fig. 12 - Printer output from the PRFPLT program
for the sample test case
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13c re the plots. In this example, we plotted only the first 2000 meters of each profile
in order to show more clearly how the system interpolates between points in the surface
duct. If the full 8000 meters were displayed, the lower 50 percent of the sound-speed
profile would appear linear.

5. CONTOURING ND GENERATING THREE-DIMENSIONAL
ISOMETRIC PLOTS OF THE SOUND-SPEED FIELD

5.1 Program Summary

Title of program: CTOUR

Computer: CDC 3800. Installation: NRL
Operating system: Drum Scope 2.1

Programming language: Fortran 63

High-speed store required: 27,452 (decimal) words, exclusive of system routines
Number of bits in a word: 48

Is program overlaid? No

Number of magnetic tapes required: one for Calcomp plots. two for Gerber plots
Other peripherals required: disk (for program storage), card reader, printer, and
Calcomp 565 plotter or Gerber plotter
Number of cards in program deck: 1017
Card punching code: BCD

Nature of Phyaical Problem

Generating Calcomp or Gerber contour plots of the sound-speed field.
Method of Solution

See Section 2.1.4 of Volume 1.
Restrictions on Complexity of Problem

A maximum of 50 contour levels may be displayed. The range-and-depth grid
used in plotting may have at most 101 times 101 points.
Typical Running Time

It took approximately 1 minute 12 seconds to load the CTOUR object deck from
the disk and execute the sample problem of Section 5.3. The plotting took 17
minutes on a Calcomp 565 plotter.

5.2 Input

5.2.1 Control Cards and Job Request Forms for Calcomp Plots

The control cards required for obtaining Calcomp plots are shown in Fig. 14.
Line 4 is an EQUIP card for the Calcomp plotter. The other control ards have beenexplained earlier.
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The job-request form for obtaining Calcomp plots should be filled out as shown in
Fig. 3. In addition the user should:

1. Indicate type 00 chart paper is to be used, indicate that two plots will be generated,
and insert the estimated plot length in inches (for the sample test case insert 48 inches).

2. In the second logical-unit-number space, indicate that logical unit 1 is an input
tape to be saved. The serial number of the tape generated by the VFC program should
be inserted.

5.2.2 Control Cards and Job-Request Forms
for Gerber Plots

The control cards required for obtaining Calcomp plots are shown in Fig. i5.

The job request form for obtaining Gerber plots should be filled out as shown in
Fig. 3. In addition the user should:

1. Perform step 2 of Section 5.2.1

2. In the third logical-unit-number space, indicate that logical unit 48 is an input
tape to be saved. This tape contains the Gerber-plotter routines. Its serial number,
assigned by the Research Computation Center, is 3803.

3. In the fourth logical-unit-number space, indicate that logical unit 18 is an output
tape to be saved. This tape contains the output Gerber plots. This tape and its serial
number must be supplied by the user.

5.2.3 Data Cards

The data are read in by the general-purpose input routine. The input parameters
may be placed anywhere on the cards without regard to format provided they are punched
in the following order:

NTAPE the logical unit on which the coefficient tape is mounted (1 to 49).

RNGINIT the initial range of the contour plot ( to 10,000 n.mi.).

RDELTA the range spacing of the grid ( to 10,000 n.mi.), such as RNGMAX/100.

RNGMAX the maximum range of the grid ( to 10,000 n.mi.).

DPINIT the initial depth of the grid in meters, such as 0.

DPDELTA the depth spacing of the grid in meters, such as DPMAX/100.

DPMAX the maximum depth of the grid in meters.

NPR5 a number set to 1 if grid velocities are to be printed and set to 0 if not.

XG5 the length of the abscissa axis of the contour plot (5 to 200 inches).

YG5 the length of the ordinate axis of the contour plot (5 to 9 inches).
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NCL the number of contour levels to be plotted (-50 to 50). If NCL is less

than 0, -NCL levels will be automatically selected at equal intervals of

velocity. If NCL is greater than 0, NCL levels will be specified by the user.

CL(I) NCL contour levels, where I = 1 through NCL. If NCL is less than 0, these

values should not be inputted.

Since the range-and-depth grid is restricted to at most 101 times 101 points, the input

parameters are restricted such that

Integer RNGMAX -RNGINIT) + 1 < 101

and

i /~~~~~~~DPMAX -DPINIT)
Integer V DPDELTA ) + 1 < 101.

The following are cautions to the user:

0 Check to be certain that the input parameters fall within their appropriate limits.

* If the grid size is chosen too coarsely, some of the detail present in the velocity

field may be lost or misinterpreted. The user might consider contouring his field in two

phases. The first phase would give a rough but overall view of the velocity field from

the ocean surface to the bottom. The second phase would show the detailed structure
generally present near the surface.

* The user must not attempt to contour regions of the velocity field that fall beyond

the bounds of the profiles contained on the coefficient tape.

5.3 Sample Input and Output

The data card required for generating the printer output shown in Figs. 16a and 16b

and the Calcomp plots shown in Figs. 17 and 18 is

1 0. 1.75 175 0 10 1000 0. 17.5 8 -30

The numbers on this card are explained in Section 5.2.3.

Figure 16a is a listing of the input parameters. Figure 16b contains the title of the

test case, the number of range points (NRPTS), the number of depth points (NDPTS)

which make up the grid, the grid depths in meters, and a partial listing of the range

points. NUMBER is the number of a range point, and RANGE is its corresponding range

in nautical miles. For brevity the printout for range numbers 10 through 97 have been
omitted from Fig. 16b.

In this example, we chose to plot only the upper 1000 meters of the sound-speed
field. Thirty contour levels were requested. Figure 18 is an isometric plot of the sound-

speed field of Fig. 17. The lower-left-hand corner of Fig. 18 corresponds to range 0 and

� __ __ - - ---
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KIAFE 1 .
NGIt = I,000G ,

9CELTA 1.75000000
'PNGlAX 1 175.00000000
rP1NI o.o0o0onooo Fig. 16a - The part of the printer output of the CTOUR
rPDtLTA x 1n.oooooO program listing the input parameters
EPMAX s 1000,00001000
NPRS * 0
xYG a 17,5000n0000
YG * 8.00000000
KcL * -30

depth 0. The upper-right-hand corner corresponds to a range of 175 nautical miles and
a depth of 1000 meters.

6. RAY TRACING AND INTENSITY CALCULATIONS

6.1 Program Summary

Title of program: SERPENT

Computer: CDC 3800. Installation: NRL

Operating system: Drum Scope 2.1

Programming language: Fortran 63 and COMPASS (for one small routine)

High-speed store required: 36,784 (decimal) words exclusive of system routines

Number of bits in a word: 48

Is program overlaid? No

Number of magnetic tapes required: one for profile input, plus one if a transmission-
loss-tape output is desired, plus one if a ray-statistics tape is desired

Other peripherals used: disk (for storage of SERPENT object deck), card reader,
printer, and drum for intermediate storage

Number of cards in program deck: 3802

Card punching code: BCD

Nature of Physical Problem

Ray tracing and intensity calculations.

Method of Solution

See Section 3 of Volume 1.

Restrictions on Complexity of Problem

Two-dimensional, multiple sound-speed profiles. Linear segmented bottom.

Monochromatic source. Maximum of 1500 rays per trace. Coherent and random
intensities (Type I) and statistical intensities (Type 11). Maximum of 250 receiver

depths per trace. Specular reflection of rays from the surface and the bottom.
Geometrical acoustics, with no diffraction or caustic corrections.
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LS, NAVAL RFSEARCH LARORATORY---ACeUSTICS DIV.

VELECITY cONTEUR PL8TTING RUTINE
SAMFLt TEST CASE
NRPTS z 2n1
KLPIS = 101
GRIC EPTHS

0 o 000
5U,0000

I 00 000
2.50 60000
20060000
250 .0000
Joo .OO
350,0000
4no0000
450,O0O
bOO 0000
550 ,0000
600,0000
650.0000
700,0000
750,0000
dog, 0000
850,00jO0
900,0000
950,0000

1000,0000
K0M6ER
RANGE
UM ER

RANGE
NUMBER
R A 4GE
tUMBER
RANGE
KUMBER
RANGE
NUiMBER
RANGE
NUMBER
RANGE
NUMBER
RANGE
NUMBER

1 0 , 0 00
6 0 0 0 0 0

110, 0000
1 6 00000
210, 0000
260,0000
310, ono
360, 0000
410 0 000
460,0000
510 , 0000
560,0000
610, 0000
660,0000
710 0000
760,0000
810 0000
860,0000
910 000
960,0000

a
a
a
a

1

2

3

4

5

6

7

a

9

20 , 000
7 0 0000

12 0 .0 0 0 0
170 00 00
220.0000
270,000n
320.000n
370.0000
420.0000
470.0000
520.0000
570.0000
620.000n
670.0000
720.0000
770.0000
820.0000
870,0000
92060000
970.0000

30,oono
80 , 00a0

130 , 0000
80 0000

230,0000
280,0000
330,0000
380,nooo
430,0000
480,0000
530,0000
580, 000
630,0000
680,0000
730,0000
780 ,t ooo
830,0000
^80,000
930,0000
980,DOOO

0600000000

1.75000000

3,50000000

5625000000

7,00000000

8.75000000

10,50000000

12.25GO0000

RANGE * 14.00000000

RNt a 169.'i'000
NUMBER a 99
RANGE S 171.50000000
NUMBER * 100
FANGE a 173.2500no0O
NL4bER x 101
RAjIGE 175.00oonono

Fig. 16b - The part of the printer output of the CTOUR program
iisting the grid depths and ranges
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4 , 0000
90 . 000

1 4 6 0000
19 0 0 .0 0
240,O000
290,0000
34C,0000
390,0000
440,0000
490,0000
540,0000
590.monoo
640.O0OO
690.0000
740.0000
790,0 000
840,0000
890,0000
940,0000
990,0000

-AdW&WA0NW0!�----
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Typical Running Time

It took approximately 75 seconds to load the SERPENT object program from
the disk and execute the sample ray-tracing problem of Section 6.3.1. Of this,
39 seconds were spent in loading and 36 seconds in execution.

Loading and executing the sample transmission-loss problem of Section 6.3.2
took approximately 218 seconds. Of this time, 158 seconds were actually spent
in execution and 60 seconds were spent in loading. The traismission-loss calculation
can be speeded up if the transmission-loss values are not printed. For example,
running the sample problem of Section 6.3.2 without printing, but still generating,
a transmission-loss tape took 149 seconds for execution, a saving of 9 seconds.

The running time for any problem depends to a large extent on the outputs
desired, the complexity of ocean environment, the number of rays traced, the
source angles of the rays, the ray tuning parameters used, and the speed of the
computer on which the program is run.

6.2 Input

6.2.1 Control Cards and Job-Request Forms

The control cards required to obtain a ray magnetic tape are shown in Fig. 19.Line 4 shows the EQUIP card for the coefficient magnetf tape. This card is always
required. Line 5 shows the EQUIP card for the ray tape, This card is required if one
wishes to generate Gerber or Calcomp ray plots. Otherwise it is optional. Line 6 shows
the EQUIP card for the transmission-loss tape. This card is required if the user wishes
to generate transmission-loss plots using LOSSPLOT. Otherwise, it is optional.

The standard practice in running SERPENT is to truce 30 or 40 rays through thesound-speed field and generate a Calcomp ray plot. This, in effect, checks all of the
input data and assures the user that SERPENT is capable of handling the problem. It
also enables the user to estimate by extrapolation the amount of time that will be required
to trace the rays for intensity calculations. In addition it tells the user which rays are
important to his problem and which rays can be ignored in the calculation. As mentioned
in Section 3.1.3.3 of Volume 1, the ray-depth distribution plots can give considerable
insight into the number of rays required to solve a particular problem. No intensities
are calculated in this run. They could be, but so few rays are traced that the results wouldbe virtually meaningless. Hence for this run, the ray-tape EQUIP card is used but the
transmission-loss EQUIP card is not. Next the program is run to calculate intensities
(transmission losses). This requires increasing the number of rays traced to the order of
several hundred. The previous rn established which rays may and may not be important.
For example it may have established that only those rays between approximately -10
and 10 degrees are important, because rays at steeper angles experience so many bottom
and surface hits that their contribution to the intensity at a distanIt receiver is surelyNegligible. To trace these rays would be a waste of computer time and money. If this were
tne case, the user might trace only the rays between -10 and 10 degrees with 0.1-degree
increments. The user would not generate a ray tape at this time, because writing a taperequires additional computer time and also it is likely that more than one magnetic tape
would be required to hold all of the generated ray statistics. Only a transmission-loss
tape would be generated.
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To obtain both ray-statistics and transmission-loss tapes, the job-request form should
be filled out as shown in Fig. 3. In addition the user should:

1. In the first logical-unit-number space, write "DF." This indicates to the computer
operators that the disk file will be used. The binary object deck for SERPENT is stored
on the disk.

2. In the second logical-unit-number space, indicate that logical unit 1 is an input
tape to be saved. This logical unit corresponds to the coefficient tape generated by the
VFC program. Its serial number should be indicated.

3. In the third logical-unit-number space, indicate the logical-unit number of the
ray-statistics tape (if one is desired). This number should be the value of the input
parameter NRAYTAPE described in Section 6.2.2. The user should also indicate that it
is an output tape to be saved and specify its serial number. If however the input parameter
NRAYTAPE is set to 0, a ray tape will not be generated and the above information per-
taining to the logical unit of the ray tape should be omitted, together with the EQUIP
card corresponding to the ray tape. In Fig. 19 we assumed NRAYTAPE was set to 2.

4. In the fourth logical-unit-number space, indicate the logical-unit number of the
transmission-loss tape (if one is desired). This number should be the value of the input
parameter NINTAP described in Section 6.2.2. If a transmission-loss tape is not desired,
the above logical unit number information should be omitted, together with the EQUIP
card corresponding to the transmission-loss tape. In Fig. 19 we assumed NINTAP was
set to 3.

6.2.2 Data Cards

The data cards are read in by the general-purpose input routine. With the exception
of title cards, the input parameters may be placed anywhere on these cards or on any
card without regard to format, provided they are arranged in the proper order as defined
by the flowchart given in Fig. 20 and the parameter definitions that follow in this section.

For example, one begins by punching title card 1 using a full 80-column card.
Following this, one punches the second title card. Next, one punches the depth-conversion
factor DPCON, the initial depth of the source in the units specified by PCON
(DPINIT), the frequency FREQ, and the number of ray groups. These numbers do not
have to be in any particular column or even on the same card. The only restrictions are
that the numbers be entered in correct order and be separated by at least one blank. Next
the parameters ANGINC and ANGINIT are punched for the first ray fan. If however one
sets ANGINC to 0, then the parameter ANGFIN is not punched. If ANGINC is not 0,
then ANGFIN must be punched (Fig. 20). This process is repeated until NGRPS fans
have been defined. Next one punches the parameters AXIALINT, BEAMTILT, etc. The
rounded blocks in the flowchart are decisions. The rectangular blocks indicate parameters
to be punched.

Although the explanation of the input parameters corresponding to the flowchart
is quite long, in most cases, all of the input parameters can be punched on four or five
IBM cards (as can be seen from Fig. 21, for example). The input parameters are:

V
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Title card 1 an 80-character title to identify the run. It requires the entire first
card.

Title card 2 a title similar to title card 1.

DPCON the factor for converting DPINIT to meters (Appendix A).

DPINIT the depth of the ray source.

FREQ the frequency of the source in hertz.

NGRPS the number of ray fans. A ray fan is defined as a group of rays all
of which have the same phase at the se and all of which are
separated by the same angular incre: .ist. For each ray fan the user
must specify the parameters ANGINC, ANGINIT, ANGFIN (if ANGINC
is not 0), and GRPPHASE. Ray fans must not overlap. (The program
can handle a maximum of 1500 rays.)

ANGINC the angular increment between adjacent rays of the same fan (in
degrees). If ANGINC is set to 0, the fan will consist of only one ray;
its source angle is ANGINIT, and the parameter ANGFIN must not be
entered. ANGINC is always positive.

ANGINIT the minimum angle of the fan (in degrees). By convention rays
directed above the horizon (up) have negative angles, while those
directed below the hcrizon have positive angles. The horizontal ray
is the O-degree ray. The program requires -90 < ANGINIT < ANGFIN
<90.

ANGFIN the maximum or final angle of the fan in degrees. This parameter is
not entered if ANGINC is 0.

GRPPHASE the phase of all ray angles in the above fan at the source in degrees.
All angles in a fan are assumed to have the same phase at the source.
Typically this parameter is set to 0.

AXIALINT the axial intensity of a beam 1 yard from the source in ergs/s cm2.
If only transmission losses, rather than absolute intensities, are required,
this parameter may be set to 1.

BEAMTILT the angular tilt of the main beam lobe in degrees. A down tilt will
be positive, and an up tilt will be negative. If the tilt angle is unknown,
set BEAMTILT to 0. For convenience the following beam pattern is
entered relative to a 0 degree tilt angle.

NBEAM the number of points in the beam pattern. If the beam pattern is
unknown, or if an omnidirectional beam pattern is to be assumed, set
NBEAM to 0. In this case the program will automatically calculate
the weighting factors for each ray assuming an omnidirectional source,
and the beam parameters BEAMANG and BEAMWGT must not be
entered. The program requires 0 6 NBEAM < 50.
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BEAMANG (I) the angle of the Ith point in the beam pattern.

BEAMWGT (I)

NRGRPS

RCON

RGINC

RGI

RGF

NOPRINT

NRAYTAPE

NDIST

NDEPTHDS

the fraction of AXIALINT of a beam angle BEAMANG (I).
The program automatically shifts the beam pattern so that the
0-degree angle of the unshifted beam pattern corresponds to the
angle BEAMTILT. The program requires 0 BEAMWGT (I) 1.

the number of output range groups. When the rays are traced,
they will be iterated up to each of the output ranges. Each output
range group is a set of equally spaced output ranges. The program
has an upper limit of 1000 output ranges. When the rays are traced
through the field, they are iterated up to each of the output ranges.
To determine the ray statistics or perform intensity calculations at
a particular range, the user must define it as an output range. The
exact location of an output range is arbitrarily specified by the user.
(For each of the NRGRPS output range groups the user must
specify the parameters RGINC, RGI, and RGF (if RGINC is not 0).
The output range groups may not overlap.)

a factor for converting RGINC, RGI, and RGF to nautical miles.
the range increment for this output range group. If there is only
one output range in this group, RGINC is set to 0 and RGF is not
specified.

the initial range for this output group. The program requires RGI
to be less than RGF.

the final range for this output group. If RGINC is set to 0, do not
input RGF.

a parameter set to 1 for the ray-statistics printout: ray depth,
sine, travel time, phase, number of bottom and surface hits, number
of turning points, etc. Tis printout will occur at each output
range. The resulting printout can be quite voluminous and time
consuming for large numbers of rays. NOPRINT is set to 0 if these
statistics are not desired.

a parameter set to 0 if construction of a ray tape is not desired.
If it is set to a positive integer, a ray tape is constructed on logical
unit NRAYTAPE. Values allowed are 1 to 59. NRAYTAPE may
refer to a drum scratch unit or a magnetic tape. If it refers to a
drum, the EQUIP cards must be appropriately defined. NRAYTAPE
is the logical unit number of the ray tape as shown on the job-
request form. Typically it is set to 2.

a parameter set to-1 if a ray distribution plot is desired for all
of the output ranges. If it is set to a positive integer, NDIST ray
distribution plots are made for the ranges DISTRNG (I), I 1
through NDIST (these ranges must correspond to output ranges).
a parameter set to 1 if ray depths are desired on the distribution
plots. If it is set to 0, ray depths ae not plotted.

43
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NTIMEDS a parameter set to 1 if ray travel times ae desired on the
distribution plots. If it is set to 0, ray travel times are not
plotted.

NINTENS a parameter set to 0 if intensity calculations are not desired.
When it is set to 1 the intensities are calculated but not
printed out. Presumably they will be written on the transmission-
loss tape. When it is set to 2 the intensities are calculated and
printed out at the output ranges.

NINTAP a parameter set to a positive integer if a transmission-loss tape
is desired on logical unit NINTAP (values between 1 and 59).
NINTAP may refer to a drum (logical units 50 to 59) or to a
magnetic tape (units 1 to 49). Typically NINTAP is set to 3.
If it is set to 0, a transmission-loss tape is not constructed.

NVOLUME a parameter set to 0 if the volume attenuation is zero in the
intensity calculations. It is set to 1 if the volume attenuation
will be entered as the next parameter. If it is 2, Thorp's
equation is used to obtain the volume attenuation for frequency
FREQ; this option should be used only if FREQ is greater
than 1000.

VOLATT the volume-attenuation coefficient in dB per kilometer.

J NINTREG the number of range intervals over which different types of
intensity calculations will be made. The maximum is 6.

RCON the factor for converting REGRNG (I) to nautical miles
(Appendix A).

REGRNG (I) the maximum range for the Ith range interval.

INTARRAY (1,1) a parameter set to 1 if random (Type I) intensities are desired
in the Ith range interval and set to 0 if they are not desired.

INTARRAY (1,2) a parameter set to 1 if coherent (Type I) intensities are desired
in the Ith range interval and set to 0 if they are not desired.

INTARRAY (1,3) a parameter set to 1 if statistical (Type II) intensities are
desired in the Ith range interval and set to 0 if they are not
desired.

LOWEST the number of receiver depths. A maximum of 250 is allowed.
The receivers are assumed to be at the output ranges. Each
output range has the same number of receivers, and these are
located at the same depths. If a receiver depth is below the
bottom, it will be ignored in the intensity calculations.

DPCON the factor for converting DEPTH (I) to meters (Appendix A).
DEPTH (1) the first receiver depth.

DEPTH (2) the second receiver depth.

DEPTH (LOWEST) the deepest receiver depth.



m oTwl

NRL REPORT 7642 
45

* O~~~~r

NTYPEBOT a parameter set to 1 if no bottom loss is assumed in the intensity

calculations and set to 2 if bottom-loss tables will be read in.

NBTABL the number of bottom loss tables to be read in. The maximum is 5.

ANGLE the grazing angle with respect to the bottom (in degrees).

LOSS the loss (in dB) for a ray incident to the bottom at ANGLE degrees.

ANGLE and LOSS are entered for each point of the bottom-loss

curve.

RCON the factor for converting BTARNG (K) to nautical miles.

RTARNG (K) a bottom-table range. Bottom table number BTABN (K) will be used

for ranges greater than BTARNG (K-1) and less than or equal to

BTARNG (K). BTARNG(O) = 0.

BTABN (K) a bottom-table number corresponding to the Kth bottom range. K

may be as large as 100. To indicate the end of the bottom-table

range data, -1 is inserted after the last bottom-table number.

NBTHTMX the maximum number of bottom hits a ray is allowed to have before

it is terminated, suoh as 10.

SURFATT the surface-attenuation coefficient. The ratio of the intensity of a

ray after strkin-i the surface to its intensity before striking the

surface. If there is no surface loss, SURFATT is 1.

NSFHTMX the maximum number of surface hits a ray is allowed to experience

before being terminated.

DELMAX a parameter explained in Section 3.1.4.2 of Volume 1 which is typically

set to 1000.

DELMIN a parameter explained in Section 3.1.4.2 of Volume 1 which is typically

set to 20.

VFAEPS a parameter explained in Section 3.1.4.2 of Volume 1 which is typically

set to 0.5.

DELSINMX a parameter explained in Section 3.1;4.2 of Volume 1 which is typically

set to 0.02.

6.3 Sample Input and Output

6.3.1 Ray Tracing

Figure 21 shows the data cards required for tracing 13 rays thrcugh the sound-speed

field of the sample test case discussed earlier. We chose to trace the rays to only 130

nautical miles, because experimental transmission-loss values and bottom-profile data for

greater ranges were not available. In this example the source is located at 500 feet and a

frequency of 100 Hz was chosen. Because intensity calculations were not required in

this run, the bottom-loss data and receiverdocation information were not required The

ray angles at the source (-30 to 30 degrees in 5-degree steps) were chosen as an illustra-

tion. Figures 22a through 22e show the resulting printer output.
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SAMPLE TST CASE
RAY TRACE RUN
.3048 50U 100 1 5 -30 30 0 1 0 2 1 50 0 100 0 130 1 2 3 0 100 130
1 1 0 1 100 1 100 1000 20 .5 *02

Fig. 21 - Sample-test-case input data cards or
the SERPENT-program ray-trace run

Figure 22a is a descriptive listing of the input parameters. At the bottom of the
figure is some summary information extracted from the input coefficient tape.

Figure 22b describes each of the rays at the source range ( nautical miles). All of
the rays begin at the same depth but leave the source at different angles. Figure 22b
also shows a ray-depth distribution plot (plot of ray depth versus initial angle at the
source).

Figure 22c shows similar ray-statistics information at 50 nautical miles. In the first
line the bottom depth at 50 nautical miles and the amount of computation time left
before SERPENT will expire its allotted time limit are printed. Included in the top
portion in this figure are the ray depths, the sine of the ray angle', with respect to the
horizon, the ray-travel times, the number of turning points (NTPj, the number of surface
hits (NSH), the number of bottom hits (NBH), and the phase uf each ray up to a distance
of 50 nautical miles. Following this information is a listing of bottom- and surface-hit
information for each of the rays. This information includes all surface and bottom hits
which occurred since the last printout range (O nautical miles in this case).

Figure 22d shows the ray-statistics information for the 100-nautical-mile printout
range. Figure 22e gives similar information for the 130-nautical-mile range. At the bottom
of Figs. 22d and 22e some ray-depth and time-distribution plots are shown. When both
time and depth are plotted on the same distribution plot (as in tnis example), the symbol
S refers to the surface (O meters) and also the maximum travel time. The symboi B refers
to the bottom depth at the output range and also the minimum travel time. Each line
in the plot corresponds to an angle indicated at the far left side of the plot. For example,
the plot in Fig. 22e shows that the ray which left the source at 10 degrees is almost at
the surface (39.1 m) at 130 nautical miles. Its travel time to 130 nautical miles is 161.4882
seconds. This is the minimum travel time for all of the rays traced.

6.3.2 Transmission-Loss Calculations

Figure 23 shows the data cards required for transmission-loss calculations. In this
example 61 rays were traced at source angles between -30 and 30 degrees in 1-degree
steps. Again the source was at 500 feet and a frequency of 100 Hz was considered.
Douling the number of rays, by changing the step size to 0.5 degree, did not significantly
change the transmission-loss values. The receiver depth was assumed to be 2500 feet.
Statistical (Type II) transmission loss was calculated at the receiver depth every nautical
mile from 0 to 130 nautical miles. Two bottom-loss curves were used, based on MGS
bottom-loss tables. A type 4 bottom was used from 0 to 20 nautical miles. A type 5
bottom was used from 20 to 130 nautical miles. No beam patterns were considered. A
transmission-loss tape was generated. The volume attenuation was assumed to be zero,
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Fig. 22b - The part of the printout of the SERPENT-program ray-
trace run giving the ray statistics at 0 nautical miles from the source

8400 (801

0. 00to0

2.01000t
0.0000

0.0000

0.400 



- -P~op. ~ U ~ _ _ .-

NRL REPORT 7642

.... ... ... . . . ................ v*@. . w. az. 6.............. ............. X. D*^z#se@................ . ..........

~~~~~~~~~ .2

^^C, X, u~r;r;4u~s' a "1(2) 'lSz127I 1 * MO-375
1 200 60 92;.I

O .. 0443 643.1el4 6.s494 . 4 47t234 4 .4 4 t a345

O *23.O§o ?33bJ1.34 *6*.4629 .4,63 34 4 4 oc9.13.,4

*C -7000 3C 33'4 -4412 6Z2 2IC 4 1 33.02J7

12 2 1.0 6 4 0 2 3 4 4 4 * .4 4 4 3 4 3 4 3 4 3 5 . 9 3 31 3 3 . 3 g 0 3 2 6 .3 6 7 _ , 3 6 4 7 3 37 3 3 6 3 4 6 . 3
?4F SU3 1 (CF 14. 633 41 .4113 ,.33(C * 6 391CF 3.; L ' *- 1 33 64 .3 .3 3'364 t-l'f

1'.1f WrL %Cd 4 *L'9i 46t (%3 OF?. I X LASilt s hltt X.i e*|

Su-rock 1j3 1 14.34 4.00C6 Sl39 61 3NNU7N 43036 . .43

3 3 4 1 . 4 1 i 6 7 .27 4 3 0 .6 6 6 3 6 2 3 6 8 1 2 .( 2 ' 0 3 . 1 * 6 . 3 4 6

befit. 633 1 469 4.,69 3199 I2''44. ... 349

336r4(ft 911 2 6,18 4 6 66. i 5 "* 31 e- I1 C3 3 3 3 7 ' 903. C4 45 F*

SU1 W. 62! 2 10..066 A20 o- SM 1 aC11 2 21.41 4 . P 4. 4

341.30* .33 0.314 612.60 02 66h PC303 661,3 .6.9674

6U6916 63t 2 7 .743 2 34. 7 29 1.6 * 2 121 .31 A- 3.6 7.3 12

all "I(1 I3 3739 .60 266'3(03 3936 *.36433* .42! PIT4 S. 63.33 1296 6111 1411631, 331. I3

b e , 6(1 1.23 3 6 ,24 01 1. 1664 029 * 6 .9 0 340 1 3 390 . .6. 13I

66C6. 3 a 01929 6444, I-4 6ST1 1 2(2'. 3041 .3

14 1 L O 1. i1 4 772 6 . 6 6 6 2 6 6 2 6 6 1 1 3 ! .4903.6 .4 .3 43* 6 1 r " 3 l 3 , 9 4 3 . 4 0 0 6 9 9 0 6 ' 3 3 . 2 1

6 33 tf M 1 .6 6 1 C41114 10 r l 664.i e .i

SUR4( 1.3 22.414 S.69 03 612(3034L!6 .6.1326

I'l | I o ltvlwlE Cf X27

1 0 6 1 4 ( 6 1 33 j t 4 3 . 3 942 5. 6 6 0 6 6 2 6 * 9 7 3 3 3 6 3 1 3 .6 . .297 * E * I
3061.4( I3 134 7 6. O 5291 6V I ellIN 6 0.L'i *

0134166 *13 9o 2.343 S61.60 16 M C1 Of INCID0f3 t 363LF .. 3 63

SUR1 31 30 33SIT3 6 926 6' 2 ( *3 93160 . 6. 3328

69330 633 361 30,0404 S7111C7 0666 5 146 29306 4613.6o~r 6~ 1^74

603361. 633 13 7.7133 0446~~~~.1264 21 61" 23C31643 433.1 0.2'3

13614 6 1.3 2 1 417 3 726 0 S136 6 5 1 .f 36CII2E26 A90 L . 3.271

3 6 1 ( 3 3 3 3 3 .3 23C 0 6 0 1 3 3 ( 2 0 0 9 1 49 0 3 .0 . 0 . 3 3
663 1 611 33 .1 , 3 1. 4 3r63 1. e 3 2 2 4 3 0. 32 2 3SU 13t 6 11 jl 42.4 3 .000 339* 61 2 3 1 £363f. 46.21 ;2

Sua!61. 633 3 4 6,10 9763166 031 64 2064 463.1 6.342

06336 tt 1l j2 6.34 3311326 0361 64* 23(20~re133 368LE6 .314

Gal", ~ ~ ~ ~ ~ ~ ' MI I2; o,*7 51hf*r I C 47*Cf D O

33614(6 123 ,2 33,974 6.666 3336 S, %'C60191 63AN11. .6.4

663361. 6I3 I3 4344 013.4(43 01 66 I%33434036 .
13613( 1.23 I2 SINE3 .60 06 of 3363 936 6

683141. 633 3.2 44,92170 346.73 034 10(666 A303.1 .274
6 9 3 1*61 3 . 6 11 1 q 5 3 4 6 6 4 6 7 6 6 3 1 3 3 I - C l o c k , 4 6 0 4E .4 4

69'161. 633 3 2 30,673 33.276, 026 61 296013 3314. 0.309
33643(6 1.26 33 34,467 6,.663 F 033 1 C6.59 63836 . ,164

SU6F36. 431 13 a166 961.39 NE23 61 39(16 4911.1 .. 346

433 .63 33.1. 2 864 347-30 d

493363 3L3P. 3.25 1 -0 2

W~th- SI-P 4S.209.0ce

66136' SL3 *f -2.46333.133

643163 9L49F -Z.222033-6 2

69116' S3 9 P9 2.66 669 -0E 2

6 4 3 3 6 ' 9 4.6 9 9 4 .9 4 3 6 . 4

6 T S0 69F -2.463133. C1

bolt' St-PE 2.9140C O2

661 63 93.6 F 4.24761-602

63336"- SL3 . F6 -4.31374.003

. T433 " s99 -0t. 3030-002

19336" S ,69F .4 1374- 033

66T36' 4L.PF -1.93099-002

66336" 33.6 -2.222 03-002

863184 SL33.1 .3 7173 -002

66 T366 93.69F 6.9705-00

.0136 S33 69 -4. 3 7 .022
63!3y 03.61. -2. 2223 - 22

63636" SL3. f -1.26373-2 22

6ATT3 ' SL0 -F 3 .53653 -50

66TT" SL.F 3.25377-002

66336" S03 F . 42 06- 0 4

66336" S3. PF .3 413 3-003

- ---- ---- --w www. ............................................................................... .... .. . ........ * eeX 
Fig. 22c - The part of the printout of the SERPENT-program ray-trace run giving the ray

statistics at 50 nautical miles from the source

49
rn

...

I



50 J. J. CORNYN 8'

0.0GE04. 00le0.00 of 71NOT?. 770071 0007090) 5701.1*03 C7M. 100010 01 T. 01r07? to.01 7'

0116E901 185.2coo
40.. 09. 00010 00017 6030 0' SINE ff7.F 71077 N47 k?? %I. POIODE CIOO

2 .23.0400 2203.9044 .a.20002 113.47 a aoIo
0 *2a.Oaa 1 0.1a 0.1001 179.6190 a 3 2O .60

10.0000 .2.4, 022 1'4.170 S 23 4.67
6L -1.0 34112 .06 7.0 0 i4.32 a a 2 3.3a
7I 2.aoa. ....... a:ao,0 124.0370 7 a 21 10A
*? 3.aoa 2 2.2 I o7 '. ot1 I O 0 30..4
1O 10oa aa.a0.2700 114.2701 £ I 07 20.6124

inRC .1, I St 1.0 7 4 0ooa 2a I. a N IN 32-.33E

12 23.OaaO 3302.39~~~1 0.2211 as3.o 14"I'Cl a a 0* a 1 .. Oo

000soroo ~o-~naoofi ooa..ocoon zoc oo 01 0il707.413oa 170 FI
s0k0a 60011 6.0000 P0100or010CM117?q oI0.10 

o~~iooo oaT a 1~~~~~~.0490 12~~511.2310 1707 AT I'Cia. oa"I, 0.3al0 B0000 tL4F *2.01-012

SU~~fOCO ..l1 ~~ 2 30.770a 0.0122 s:.o If A0l317001 .0.32oo

S.70 r, 07 Oi 3 30.030 14a 1.ol 1liar Or1 ICEC1 oa1oO a0.0a1 070 1.07 .. 91.'

SUNAct oil a 30:.720 ooa SINN or W0IDE07 41.L .0.2.2
BEL. 00 * 3294 371::.4 PiO r ICl07II ot, g.20017 *010 S~o .4a.O2

SUorocAw l s0 1 3,a0 0oale 1200 r 30711007 ".01 E 001

be" 00 2 3220 53407. Soko or ICI;oo. *%c1 0.03 007'. 0o ?402-

b1trO I B 241 .00 o~ r 1.1174oo 722
WT'1 007 I 0....0 17 .6 10 or 111' 0054. .109 07 IL'7 I 00a4-

160'0CI 7?' 2 63.4245 0.010 0230 00rl 001n 0707.0f .0.43;0

Not07 Oil "I 03.402 ale.00a 5091 r ICIOI 0A1 .0.473
007167 17 2 2.3 40.0110f"o S,Oar 0 sila oaat.0 .0.o'4 070 loP . 7-
eel00 C. n . 3 07.32 1114.1623 lIaF P0 00C36001 &ao.0 0.U* N070 000 1*31T7

017107b I 77.01 0.300 Sa r2730 .. .430 070 1*'031-

300r070 ii' 0~~~s 0.3.1710 0.0c03 12,0 or Oa
7

l G7 611 .0.2192
go,00 1 ? .0 13.060 270.4231 St"O or IlC~ll 1 0.203 80700. SLoor '.17249-012

$.."Ac1 l 4 s0:70 0.000 01 or [07001 £60 * 01
lu~rIor P31T S 07.7202 0.00 SINlO 71.50 0IE 1 11 .0.1104

3.U0:Al: .1 1 0.02 0.00 "iIrr10000 La 
0

7 
S107070 .11 I0 0400 .00: 030or INESr 00076. £:1 *4.5104:
5507070 70? I: .102 0ODA0 131 a, 0071701?" 01.0 .0.520

09100 001 10 00.7021~~I 16702 00 rlCOOV01A 02240 01? 10 4.7.M7-502
S000410 033 10 01~~~~.7000 0.097 'zoo or Itaoroa 0307. .0.7100IN

VIM30 007 S0 92.2201:b 120.004 ,a or11. oa oo.. .163 an'.100 2020

5707010 007 51 00.2097~~~~~~~~~~~I 00 00o 0017 0110N.00
00730 is? 27570 1000:.4 St' o AT C!.... .05.. ~ 47 jo : 107 .700-1
10UN1 et l 31 1 72.00 0.00 1000 *1 107010?l 111t .8.4027
0071,01? 55 SINE0149007 10 or 0'C00"700 003.0 004 o01 00 .. 24I
SU00010 Oil S 0.1 ,00 11 o o aaS0s 0010 .. 13
Sol170 33 5 02 .02001 920.702 130 o 3C30 1,1 3.1171 07770' 71000 .02203.2'2

001110 027 1 e9. t7 6 07 40 50 I *7011' 01 .40 0' AL00 1.2 I

00~oal 32 7024 201.ogt 0000 r 0oC!DrF 00710r 0.2341 O7?'g0 S1-FF 3.3%843.0-2
0000010 007 52 9030 003 020 0' 10370 00110 .0.771G2 

800740 Oi 32 3.0 .00 100* 1',1 001 7'

s FAoc ';I I 72.0, 3.70 5o-f 0 ' 7001 03010 .0.1172o~'07V0 2 2 0.20 11.32 10 r3001010 037 0~ ANG0LE-020'-
0001 10 12 S942 041.070 1 7 007lI057 011 707
007000 1 003 01.~* 1007 IF MCCOCOOI AOLt~ ft.070~79710 .0.

0000 C"r 110700350 * 3.40

TR0.0 V0900 71I0 10C090i0 13.7
7* ELOTiOO 790901 310.0000 .1007 T397,7? 9001760 7I--L 1100
0.40? Oily0, .007000 DM.4,. UoR Co

-91000 0

. . 0008 0 0.................................. ..................

Fg. 2 - h ato hepitu fth EPN-rgrmrytaeru iigtemo~~~~~~ttitmatoonatclaie foIhesuc



(~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-:

C
0co

51

NRL REPORT 7642
. r-

4....... ;;0.0;;;; ;;;;;; ;E; l0.E I ;;;;.;12 C P I 7090 ;;0F ;E;; 37.;;;;

01 0 .~ : 0
..4 I,"t0 1742436 P 1 9 1 1.7131

6' 131 4P*

2 .79.0040 i 945.43 4.1714 
1,_.4 4 

:,51

2 .7D.0690 
A 

95.~~~~~i14~ 7.'

0 t t -c v .9.0400 3. 6 1 *lm *¢ *E IC ~ g.Q19 0441w **S 4 ~ 74 .lt~t F

7 0.9946 jt26.9t2 1 0.6231 9.1472 4E V 0

4 14.9049 39.4101 .*.1713 041:9461

14 19.9400 323.1454 ,o2 14 041 9 6 6 364

$~ ~~~~~~L sIrst 11 5 te 2 0 5r S-t 
17 i12, ,Lt* o 1 |213CG

's 990t '1 44.9141 2 092 141t 7719t 4.3 17 12 <- s.312

j zJ~~~f~~ct 1904 I60 s6 i *,b 4 § 1 94.~ 4~ .r 6~DS 191.9674 5 ;;sstr > oSf

13 3g.0000 4434.6736 
I.94,9U? QA 6.36'" o.

;0 goq 0 40 447l.9 IlS C CIU' %0c 1 tl P-144 66419 40L e0L.!*

1 llultgr b~t sl 155 7J GG~e Slt t 1 X CIEs~t ^fLSE G. 1*1 ^st' *%GF 

%,) ow" 1-Gq

!. .4'E '3j 
; s04o 

0F 4U"9i 46410LE 9A 0; i 3!

;,9901 i. - 09 1 9 7 o 91 94 67D1.992? I ' r 9'1919oI% ANG LE . " 4 ' IL 4. ?994 71. F . 2 13- -C l

T% 44343 ,90:.297 4I4 If W1 ,1' 1 A -ILE .. 79I 0 9s91 % 1.F .6,49979 0 7

4.4434) 
346496.....7 

1 f 9 0. OLI 
*---

1~ ~ ~ ~ ~ ~ ~ ~ ~~~~~44 40 949'3 £301.6 *9,934C0S 
* ^*.

} ^vt-; *^'s~E~ttl, ITWF 
IEl. 11.§ ,,,t .

6 . D4 41 
3 '5' 6 9794, 09 

1. 
0L .. ..... 

-;.360 '1-3C*

f~~~~~~~~~~~~~~~~~s~ 
orrqt SS41 

N laa

.o*t 49 2 492 I9,00$ siftf 4 440990'?4 .41

F91 aAN 3.36 33649 14 1 9102 LECt .9 ' -l-. SLIP9 -.387773.003

320966 1.9 4 19,914 99990 SPE 40 94.'fl6 4390I*977£3

4 t O..3 

3. 
G 9 0 

0 5 CD.

1i~~,, 616 .99 10 o~2. S2 9 70 491 0 44 " 9 06.1 *.1949.213. 
-.

499430 491 11 194A321 3396la.6477 394 S F.0 lI, 9.' T .1... g.234 . 7.90 .3396.0'

31'1 o9 1 C11524 6,00 N9 01 4.91 4461.6 .0.3643 Ap S

1 ~ ~ ~ ~ L *If .*u~eee .tE 0,44 414 3I0t ~1. 34

F ig6 2 2 e - T h e p a rt o f thf2, 4 2 .0 0 04 
* 7 .6 94t

401919 297 2? 100A6 37671 115 0i a9'69. *29 10 190 T ~s4-0
326~~lh6 .99 12 jjg,4394 ~~~046 94 90oe64 001 *962 ;:II

~~u41O01 019 17 946,72 ~ %41 0004 3041 4' :r IL 
o1.

S.. ' 1 99 1 014,92719,9 
0006e or o"9~E6T 

A6411.1

.96?9939931. 
901 94.

699 .191 12i4t,49 
90609.0% 017. 040 6 4.4 44117.17-02

69410 4449 * t'0.9~~~~~~~~~~ShF-FI.CI-1 
1 F .46

444 .01 1311193) 

U 949fl It *00 It ' 31194192 * i19141:500 IE2 -Gfe . "'A, - 6 L F -~3--

0 . 4 4 1 7 
0

M 4 , . 4 4 % . -j g o0 
2 

-a 

i2 
1 ! O P

.1 it090 3 7 
G 2I 

*.T4 S6

5 .,6020 1 

2 94 
IE FItjfl NL

. 1 ,£fl00 
S3k F 1CDW 14

6.6060 
621 

10.6019 10 L0.2. dd

93*1 *331 190.01 l,¶2

7041 3.190,01009.401 
41.4120

Fig. 22e - The~~~i pato thepritou ofteSf, E ~Oa aytaerngvn h a

statidSisa$ 3 atclmie rmtesuc



N

52 J. J. CORNYN

SAMPLE TEST CASE
TRANSMISSION LOSS RUN
*3046 500 10 1 1 -30 30 0 1 0 1 1 1 0 130 0 0 0 2 3 0 1 1 130

o 0 1 1 3048 2500 2 2 0 2 11 2 2 5.25 30 .75 40 975 5 12 90 12

O 4. 5 4. 7.5 5.2 10 7 15 10.0 1765 12.7 20 13.2 25 14 90 14
1 20 1 130 2 -1 100 1 100 1000 20 .5 .02

Fig. 23 - Sample-test-case input data cards for the
SERPENT-program transmission-loss run

because it is so small at this frequency. The rays were allowed to experience a maximum

of 100 surface or bottom hits before being terminated. DELMAX, DELMIN, VFAEPS

and DELSINMX were set to values which, in the past, have led to reasonable calculations,

namely, 1000, 20, 0.5, and 0.02 respectively.

Figures 24a and 24b show sections of the resulting printer output. For this case we

chose to print out the transmission-loss values. As a result, the program ran slower than
it would have had they not been printed. The initial conditions for angles 12 through

49 and the intensities corresponding to ranges 7 through 127 nautical miles are not shown

in Fig. 24b.

The printout shown in Fig. 24b indicates that when the rays had reached a range of
2 nautical miles, there were 238.5510 seconds left before the program would exceed the

allotted time. It also indicates that there is only one receiver at a depth of 762 meters.
A statistical (Type II) intensity calculation was carried out for this receiver, and 61 rays

were included in the statistical computation. The resulting intensity (INT) was approximately

1.07 X 107 ergs/s cm2 . This corresponds to a measured sound level (MSL) of -69.6921

dB or a transmission loss (TLOSS) of 69.6921 dB. The corresponding transmission anomaly
is -2A586 dB. Similar information is printed for each of the printout ranges.

The bottom of Fig. 24b indicates that the program (RT 200 alias SERPENT) had
247.8 seconds (TSTART) available for computation when it began execution and had

89.7 seconds left when it finished execution. The elapsed execution time TDEL
(TSTART - TEND) was 158 seconds.

7. GENERATING RAY DIAGRAMS

7.1 Program Summary

Title of program: RAPLOT

Computer: CDC 3800. Installation: NRL

Operating system: Drum Scope 2.1

Programming language: Fortran 63

High-speed store required: 12,118 (decimal) words exclusive of system routines.

Number of bits in a word: 48

Is program overlaid? No
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Number of magnetic tapes required: one for the ay-statistics tape plus one if

Gerber plots are requested.

What other peripherals are required: disk (for program storage), card reader,

printer, and Gerber plotter or Calcomp 565 plotter.

Number of cards in program deck: 573

Card punching code: BCD

Nature of Physical Problem

To generate plots of ray depth versus range.

Method of Solution

See Section 3.2 of Volume 1.

Restrictions on Complexity of Problem

The length of the ordinate (depth) axis is fixed at 9 inches.

Ttypical Running Time

It took approximately 47 seconds to load the RAPLOT object deck from the

disk and execute the sample problem of Section 7.3.

7.2 Input

7.2.1 Control Cards and Job-Request Forms
for Calcomp Plots

The control cards required for obtaining Calcomp ray plots are shown in Fig. 25.

The format for these cards was discussed earlier.

The job-request form should be filled out a? shown in Fig. 3. In addition the
user should:

* 1. Indicate that type 00 chart paper will be used and the approximate length of

the plot (30 inches for the sample test case). The number of plots should equal the input

parameter NPLOTS described in Section 7.2.3.

2. Indicate in the second logical-unit-number box that logical unit 1 is an input tape

to be saved. This logical unit corresponds to the ray-statistics tape generated by SERPENT.

Its serial number should be inserted in the appropriate space.

7.2.2 Control Cares and Job-Request Forms
for Gerber Plots

The control cards required for obtaining Gerber ray plots are shown in Fig. 26.

The job-request form should be filled out as shown in Fig. 3. In addition the

user should:
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1. Perform step 2 of Section 7.2.1.

2. Indicate in the third logical-unit-number box that logical unit 48 is an input

tape to be saved and specify 3803 as its serial number. This tape contains the Gerber

plotter routines.

3. Indicate in the fourth logical-unit-number box that logical unit 18 is an output

tape to be saved and insert its serial number. This tape will contain the output Gerber

plots for plotting at an off-line facility.

7.2.3 Data Cards

The following numbers are read in by the general-purpose input routine, with the

exceptions of the parameters PLTIT, XTIT, and YTIT, which require full 80-column cards.

The numbers should be entered in the following order:

NPLOTS the total number of separate ray plots to be generated. This is the only

number allowed on the first data card.

PLTIT a plot title (the entire second data card). This title will be written on

the top of the ray plot.

XTIT an abscissa-axis title, such as RANGE (NM). This title uses the entire

third data card.

YTIT an ordinate-axis title, such as DEPTH (METERS). This title uses the

entire fourth data card.

XLNGTH length of the abscissa axis in inches. (The length of the ordinate is fixed

at 9 inches.)

XMPIN the number of meters per inch along the abscissa axis.

XUPIN the number of graph units pet inch along the abscissa axis. This parameter

sets up the scale for the abscissa axis and allows the user to illustrate

his ray diagrams in whichever units he chooses: nautical miles, kiloyards,

etc.

YMPIN the number of meters per inch along the ordinate axis.

YUPIN the number of graph units per inch along the ordinate axis.

NGRPS the number of ray groups. If NGRPS is 0, all of the rays on the ray

tape will be plotted.

The following two parameters will be entered for each of the NGRPS ray groups. If

NGRPS is 0 these parameters are not entered.

INIT the initial ray angle number for the group. The angle numbers referred

to here are the angle numbers printed by SERPENT (Fig. 22b, first

column). If a group has only one ray, INIT should be set to minus

the ray angle number and the parameter FIN omitted.

the final ray angle number for the group.FIN
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The preceding parameters with the exception of NPLOTS, namely PLTIT, XTIT, ..., FIN,

are repeated for each plot to be generated. Thus the user can plot different sets of ray

angles on separate plots. The user should also note that

XLNGTH X XMPIN = total illustrated length of plot in meters,

XLNGTH X XUPIN = total illustrated length of plot in units given in XTIT,

and

XMPIN/XUPIN = number of meters per graph unit.

For example, if the user desires to generate a plot showing 10 nautical miles per inch and

having a total length of 30 inches, he would set XTIT RANGE (NM), XMPIN = 18520,

XLNGTH 30, ana XUPIN = 10.

7.3 Sample Input and Output

Figure 27 shows the data cards required for generating the printer output shown in

Fig. 28 and the Calcomp plot shown in Fig. 29. In this example we chose to plot all of

the traced rays, rather than select out specific rays, for a distance of 130 nautical

miles. Since the depth axis has a length of 9 inches and the maximum bottom depth in

this example is 6332.6 meters, we set YMPIN to 704 (9 X 704 = 6336). Since all of the
rays were traced, NGRPS was set to 0.

SAV:PLL TEST (ASL#13 RAYS FIRJSi -30 TU 30 iuLUREES i 5 ;EuRcEL STEPS

RANGjE CNAUTiLAL MILL51
DEPT H :1 U.EERS)
13 18i2C 1s 704 704 0

Fig. 27 - Sample-testcase input data cards for the RAPLOT program
for obtaining the Calcomp-plot output

8. GENERATING TRANSMISSION-LOSS PLOTS

8.1 Program Summary

Title of program: LOSSPLOT

Computer: CDC 3800. Installation: NRL

Operating System: Drum Scope 2.1

Programming language: Fortran 63

High-speed store required: 19,543 (decimal) words exclusive of system routines

Number of bits per word: 48

Is program overlaid? No

7- ----- �- --
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Number of magnetic tapes required: one for transmission-loss-data input, plus one
if Gerber plots are desired.

Other peripherals used: disk (for program storage), card reader, printer, and Gerber
plotter or Calcomp 565 plotter.

Number of cards in program deck: 617

Card punching code: BCD

Nature of Physical Problem
To generate plots of transmission-loss versus range. Calculated, experimental, and/or

reference curves may be plotted on the same graph.

Method of Solution

See Section 3.3 of Volume 1.

Restrictions on Complexity of Problem

The maximum height of a graph is 10 inches. A maximum of ten receiver depths
may be shown on a single graph.

Typical Running Time

It took approximately 42 seconds to load LOSSPLOT from the disk and execute
the sample problem of Section 8.3. Plotting took 6 minute.

8.2 Input

8.2.1 Control Cards and Job-Request Forms for
Calcomp Plots

The control cards required for btaining Calcomp plots are shown in Fig. 30.

The job-request form should be filled out as shown in Fig. 3. In addition, the
user should:

1. In the second logical-unit space, insert the value of the input parameter NINTAP
(described in Sections 6.2.2 and 8.2.3). This logical unit corresponds to the transmission-
loss tape generated by SERPENT. It should be designated as an input tape to be saved.
The EQUIP card on line of Fig. 30 assumes NINTA4 was set to 1. If NINTAP is set
to 0, the user should omit the EQUIP card and the above specification.

2. Indicate that type 00 chart paper will be used for plotting and that only one
plot will be generated. Also indicate the length of the plot in inches. This length depends
on the input parameter NXAXIS described in Section 8.2.3.

8.2.2 Control Cards and Job-Request Forms for
Gerber Plots

The control cards required for obtaining Gerber transmission-loss plots are shown
in Fig. 31.

62
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The job-request form should be filled out as shown in Fig. 3. In addition, the user

should:

1. Perform step 1 of Section 8.2.1.

2. In the third logical-unit-number space, indicate that logical unit 48 is an input tape
to be saved and that its number is 3803. This tape contains the Gerber plotter routines.

3. In the fourth logical-unit-number space, indicate that logical unit 18 is an output
tape to be saved and specify its serial number. This tape will contain the output Gerber
plots for plotting at an off-line facility.

8.2.3 Data Cards

The data input should be in the following order:

TITLEI a title having up to 80 characters. This title is written on the plot. TITLE1
is punched on the first data card.

TITLE2 another title having up to 80 characters. TITLE2 is punched on the second
data card. It is written on the plot under TITLE1.

TITLE3 another title having 80 characters. It is punched on the third data card.

XTIT a title such as RA'NGE (NM) for the abscissa axis. XTIT is written on the
plot next to the abscissa axis, and it should be punched on the third data
card.

YTIT a title similar to XTIT but for the ordinate axis, such as TRANSMISSION
LOSS (DB).

The following parameters are read by the general-purpose input routine. They should
be separated by at least one blank.

SIZE the symbol size in inches for the titles on the abscissa and ordinate axes,
such as 0.14.

? I XTIT1 the abscissa location of TITLE1 in inches relative to the lower-left-hand
corner of the plot, such as 3.

YTIT1 the relative location of the ordinate of TITLEI, such as 2.

TITS1 the size in inches of symbols in TITLE1, such as 0.14.

XTIT2 a location similar to XTIT1 but for TITLE2, such as 3.

YTIT2 a location similar to YTIT1 but for TITLE2, such as 1.5.

TITS2 the size in inches of symbols in TITLE2, such as 0.14.

XTIT3 a location similar to XTIT1 but for TITLE3, such as 3.

r I YTIT3 a location similar to YTIT1 but for TITLE3, such as 1.

TITS3 the size in inches of symbols in TITLE3, such as 0.14.
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RPI the range of the beginning of graph in the units shown on the

final plot, such as 0.

RPF the range shown at the end of the plot, such as 130 nautical miles.

RMPU the number of meters per graph unit. For example, if the graph shows

nautical miles, 1852 should be used.

DBTOP the least loss in dB to be shown on the graph, such as 70. This

corresponds to the top of the graph.

DBBOT the Greatest loss in dB to be shown on the graph, such as 130. This

corresponds to the bottom of the graph.

NXAXIS the length of the abscissa axis in inches. This must be an integer, such

as 13.

NYAXIS the length of the ordinate axis in inches. This must be an integer, such

as 10. The maximum length is 10 inches.

NREF a parameter set to 1 if a reference (or experimental) data curve will be

entered for comparison with the predicted values. If NREF is set to 0,

no curve will be entered, in which case the parameters LINERF, MARKRF,

REFSIZ, RCON, REF(I), and DBREF(I) and the end-of-data indicator -1

should not be entered.

LINERF a parameter set to 1 if lines will be drawn between reference curve

points designated by symbols, set to 0 if lines will be drawn between

reference curve points but no symbols will h, used to designate the

points, and set to -1 if only symbols will be drawn at the reference

points and no lines will be drawn.

MARKRF symbol reference numbers for reference curve points. These correspond

to standard Calcomp integer codes (Fig. 32). These numbers must lie

between 0 and 31. If no symbols are used, MARKRF is set to -1.

REFSIZ the symbol size for the reference curve. If REFSIZ is set to -1, no

symbol will be used.

RCON the factor for converting the input ranges REF(I) to nautical miles

(Appendix A).

REF(I) range of the Ith reference point.

DBREF(I) dB loss of the Ith reference point.

REF(I) and DBREF(I) are repeated for each poiqtof the reference curve. A value -1

for REF(I) indicates the end of thel'eference curve data.

NINTAP logical-unit number of the input loss tape. Typically NINTAP is set to

1. If only the reference curve is to be plotted, however, NINTAP

should be set to 0 and the following parameters should not be entered.

NCURVES the-total number of receiver depths to be plotted on one graph. A

maximum of ten receiver depths may be shown on one graph.

The following parameters should be repeated NCURVES times.
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Fig. 32 - Characters available in he CDC-3800 plotting routines. The
small x a reference point and is not plotted. Upon completion of the
characters having integer codes 16 trough 31 the pen Is not at the ref-
erence point
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NRNUM(I) the receiver number associated with the Ith curve. These numbers
correspond the receiver numbers shown in the SERPENT printout.

NTYPE(I) an indicator of the type of transmission loss to be used for the Ith
curve: 1 for random (Type 1), 2 for coherent (Type I), and 3 for
statistical (Type 11).

Next the following two parameters are entered.

TYPSIZ the symbol size in inches for the transmission-loss curves predicted by
SERPENT, such as 0.07.

LTYPE an indicator of the method of connecting points of the predicted curves:
1 for lines between symbols, 0 for lines but no symbols, and -1 for just
symbols and no lines.

8.3 Sample Input and Output

Figure 33 shows the data cards required to generate the printer output of Fig. 34
and the Calcomp plot shown in Fig. 35. The input includes the experimental transmission-
loss measurements. Figure 35 shows a comparison between GRASS's calculated values
and the experimental measurements. The eact location at which the bottom changed
from type 4 to type 5 was not known. It was reported to be at a distance less than
40 nautical miles, but this is only a very rough estimate. We chose to use 20 nautical
miles, because this distance gave better agreement between experimental and calculated
values of transmission loss than 30 or 40 nautical miles. We expect that the relatively
large differences occurring between 40 and 50 nautical miles are due to not knowing the
bottom-loss curves very well.
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SAMPLE TEST CASE- EXPERIMENTAL ANU CALCULATED TRANSMISSION LOSSES
AN X DOTES AN EXPERIMENTAL VALUE
A SQUARE DENOTES A CALCULATED VALUE
RANGE NMI
TRANSMISSION LOSS (081
*14 3 2 *14 3 15 *14 3 1 .14
0 130 1852 70 130 13
10 1 -1 4 07 49374
2.75 80.63 425 82.25 575 82.12 725 3.13 8.75 80.63
10.25 81.88 11*75 83*37 3.25 8. 14975 b5*37 16.25 2.62
lt?75 85 21*5 86.75 23. b4.87 24.5 87.7) 26. 88.25
2'.5 87 29 8b 30.5 89.5 32 91.12 33.5 88*87
31 88.25 36.5 87.75 0 86.62 41.5 d8.37 43 91.88
4 De 90.75 46 91.5 47.) 9.25 P0.2 YZ.5 52 91.75
53-5 87db2 6.7S lVIl1 60-25 YO 61*75 92 63*25 93.5
68.62 bd.75 70.1Z 94*3d 71.62 88.62 73.13 6 74.62 94.1Z
76*25 95.37 77*75 97*37 19.25 97*37 22: Y5:.7 ::9:75 98*37
85.25 95*12 86.75 '6.8b 88.25 98. 89.75 97.87 91.25 913
94*25 9 95.7!S 96obb 97*25 96.5 9*75 8o13 100-25 95
210@5 99o5 103*25 962 104975 9b-37 106.25 98.75 107.75 98.75
109.25 96.12 112.25 9.5 113.75 9to81 115.Z5 96.62 11u.75 8.87
118*25 91*88 119.75 97.5 121.25 93.62 124.75 92. 124.25 91e25
125.75 91*14 127*25 89.5 128*7 97.12 130*37 9 131.87 92.87
133.37 98.81 134.87 93.37 136.37 94.26 137.87 lOb.12 139.37 108.87
140*87 111.12 142*37 113*12 143*87 112.62 146. 114.37 149. 110.75
150.5 110.5 152. 109.62.153.5 112*25 155 111.5 156.5 112.12
158* 111.75 159.5 111.5 161 110.37 163.25 107.5 164.75 105.75
166.25 101.87 167.75 99.75 169.25 96.12 172.25 98.37 173.75 96
175.2> 93.13 176.75 9-.25 17a.25 93.5 kb.50 912 14 96*12
187 93.25 lb.! 92.D 190 92.62 191e) 94*12 193 97.a7
194*5 93.5 196 95*12 197*5 99.3e 201 9u.13 202.5 93.13
204 98.5 217.12 108.5 218*62 102.62 220.12 102.62 221.62 101.62
223.12 102.5 224.62 98*37 226.12 6.e8 227.62 95.87 229.12 95.5
230.62 95.37 233.5 94.5 236.5 96.5 238. 95.75 239.5 97.62
241 97.62 24Z.5 962 244 96.62 245.5 94.75 247 96.5
248.5 98.5 251.75 1U0O12 253.25 96.1Z 254.15 94.87 256.25 97
267.75 9b.62 59.25 97.75 260.75 102.25 262.25 10'.37
-1
1 I 1 3 07 -1

Fig. 33 - 8ample-teat-case Input data cards for the LOSSPLOT program, including
experimental measurements of the transminion loss
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119 22.1d' 1'.92 744

3~0 221.914" 19.402' 192.080,

0*0 22
4

.11
4

196.l4 1'2.8
*0 3 ,e M.0J9 44.370

tO 27791 r 7 '11 '*7a0

s aW~~~~~~~~~~~~~~~~4 22L,0149 29.4041 *1*j1Q

I. 24.148 11 .144 94.1089
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123 20.41 i'04'J 40.4029§ ~
5~~~~~~~~~~~~~~~~~~~1 241,19&' 311,.02 94.1900

$~~~~~~~~~~~~~~~~~~~4 7%,1 0 1 . 14 9 . 0 0
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00.39 27."0009094.302.se@

Fig. 34 - Printer output from the LOSSPLOT
program for the sample test case
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Appendix A

UNITS AND CONVERSION FACTORS

Most of the GRASS programs perform their calculations using metric units. The
user may, however, enter his input data in other units by supplying, in addition to
the data, the conversion factors required to transform them to the units used by the
program.

The following table contains the most commonly used conversion factors:

nit Conversion Factors to Program Units

Units Meters f Nautical Miles

1 meter 1 0.53996 X 10-3

1 kilometer 1000 0.53996

1 foot 0.3048 1.6458 X 10-4

1 kilofoot 304.8 0.16458

1 nautical mile 1852 1

1 fathom 1.8288 9.8747 X 10-4

1 yard 0.9144 0.49374 X 10-3

1 kiloyard 914.4 0.49374

Note: This apendix was adapted in part from D. Halliday and R. Resnick, Physics for
Students of Engineering and Science, Part II, Wiley, New York, second edition, 1962,
Appendix H, p. 14.
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